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LETTER  OF  TRANSMITTAL. 


Dr.  Eugene  Haanel, 

Director  Mines  Branch, 
Department  of  Mines, 
Ottawa. 

Sir, — 

I  beg  to  submit,  herewith,  a  report  on  the  results  of  the 
trials  carried  out  at  the  Fuel  Testing  Station,  Ottawa,  1913-14, 
with  six  commercial  samples  of  lignitic  coal,  obtained  from  the 
Province  of  Alberta. 

I  have  the  honour  to  be. 
Sir, 
Your  obedient  servant, 

(Signed)  B.  F.  HaaneL 
Ottawa, 

December  24,  1914. 
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IiESUI.TS  OF  THE   INVESTIGATION  OF  SIX 

LIGNITE   SAMPLES,    L^ PAINED    FROM   THE 

PROVINCE    OF    ALBERTA. 


INTRODUCTORY. 
Investigation  of  Lignite  Coal. 

An  invcstiRation  of  the  coals  of  Canada  was  Ix-Run  some 
years  aj^o  at  McGill  University,  under  the  auspices  of  the  Mines 
Branch  of  the  Department  of  Mines.  That  portion  of  the 
invi-tigation  undertaken  by  McGill  University  was  comply  ed 
about  three  years  ago;  since  then  the  work  has  been  continued 
and  extended  at  the  Fuel  Testing  Laboratories  of  the  Mines 
P'anch,  Department  of  Mines,  Ottawa. 

The  investigation,  in  general,  includes  all  the  coals  of  Canada: 
comprising  their  chemical  analyses— both  proximate  and  ulti- 
mate; the  determination  of  theircalorific power;  their  value  as  fuels 
for  the  production  of  a  power  or  fuel  gas  when  burned  in  a  gas 
producer;  and  for  the  generation  of  steam  when  burned  under  a 
boiler.  The  results  of  such  an  investigation  should  definitely 
show  the  best  use  to  which  the  different  fuels  can  be  applied. 
The  producer  employed  at  McGill  University  was  of  small  capa- 
city, viz:  30  H.P.,  and  was  scarcely  large  enough  to  furnish 
concordant  results  which  would  prove  of  value  from  a  commercial 
standpoint.  Its  design,  moreover,  was  not  specially  suited  for 
the  gasification  of  lignite,  although  the  results  obtained  with  it 
plainly  indicated  what  might  be  expected  in  a  larger  and  specially 
designed  producer.  In  order  to  bring  an  investigation  of  this 
character  within  the  domain  of  commercial  practice,  the  Mines 
Branch  had  installed  a  well-known  commercial  type  of  producer, 
specially  designed  and  constructed  to  gasify  in  the  most  efficient 
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manner  all  bitummou.  coal,  and  lignites,  and.  in  short,  to  answer 
all  the  strictest  requirements  of  commercial  practice  This 
producer  ,s  of  the  double  zone  type^built  by  the  Westing! 
house  Machme  Co.  «i>»ii 

The  value  of  the  various  solid  fuels,  for  steam-ra-Mng  pur- 
poses.  IS  determmed  by  burning  them  in  the  fire-box  of  a  Bab- 
cock  and  Wdcox  marine  water  tube  boiler.  Arrangements  are 
bemg  made  to  mstall  m  connexion  with  this  boiler  a  specially 
.  ^nstructe<l  combustion  chamber,  by  means  of  which  it  is  hoped 
to  .,btam  much  better  results  than  have  hitherto  been  realized 
when  burnmg  lignite  coals. 

Owing  to  extensive  alterations,  and  the  installation  of  new 
apparatus  at  the  Fuel  Testing  Station,  the  investigation  of  the 
commercial  samples  of  lignite  (obtained  about  two  years  ago 
from  lignite  mines  in  operation  in  the  Province  of  Alberta)  wL 
not  begun  until  August.  1913;  and  these  tests  were  not  com- 
pleted until  recently,  owing  to  the  limited  staff  then  at  f'lo 
disposal  of  the  Mines  Branch-for  this  class  of  work.  The 
mstallation  of  the  boiler  plant  was  not  completed  until  January. 

T^T     ^'u^l  '''^'"'"«  '''''  °^  '^^  ^"^^^  were  not  con- 
cluded until  the  beginning  of  April. 

The  investigaHon  of  the  value  of  coals  for  the  production 
of  a  power  or  fuel  gas,  so  far  carried  out.  has  been  confined  to  the 
non.by  product  recovery  producer;  but  inasmuch  as  many  of 
the  coals  of  Canada  contain  comparatively  high  percentages  of 
n.trogen,  the  recovery  of  this  valuable  element,  in  the  by-product 
recovery  producer,  would,  in  many  cases,  prove  to  be  a  profit- 
able undertaking.  But,  when  the  principal  object  in  view  is  the 
production  of  power,  or  of  a  fuel  gas,  the  non- by-product  re- 

Z!!7  T  7  ""T  '°  '"^''^*"  '^^  ^'^'"^  °f  the  various  coals 
tested  as  fu.ls  for  the  other  types.  When  by-product  recovery 
IS  not  attempted,  the  aim  is  the  complete  gasification  of  all  the 
comoustible  components  of  the  fuel,  and  this  implies  the  de- 
struct.c  of  the  ;  trry  components  in  the  case  of  fuels  high  in 
volatile  matter,  whether  such  destruction  is  accomplished  by 
burning  the  tar  witlun  the  producer,  or  by  its  decomposition 
by  chemical  reaction  into  fixed  co.ibust.bl,  gases.  In  the 
Westinghouse  double-zone  produ  cr.  the  tarry  matter  distilled 
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from  the  coal  is  partially  burned  and  partially  decompostd  into 
fixed  combustible  gaws,  so  that  the  final  rus  leaving  the  producer 
contains,  as  a  rule,  only  a  trace  of  tar,  which  is  separated  by  pass- 
ing through  a  simple  water  scrublwr.  The  gas  is  thus,  in  a 
•imple  and  efticicnt  manner,  practically  freed  from  any  deleter- 
ious matter. 

In  those  portions  of  Canada  which  arc  too  far  distant  from 
bituminous  coa*  supplies,  but  which  are  well  provided  with 
lignite  deoosits,  the  production  (.f  (wwer  through  the  metlia  of 
the  gas  protiucer  and  gas  engine  will  prove  to  lie  the  most  efficient 
method.  Indeed,  this  applies  at  the  present  time,  to  almost  all 
the  coals,  especially  those  rich  in  nitrogen;  but  the  ajiplication 
is  especially  pertinent  in  the  case  of  lignites,  which  are  not  well 
suited  for  burning  under  boilers. 

The  municipal  power  plant  in  the  city  of  Edmonton  serves 
as  an  excellent  example  of  the  comparative  value  of  the  lignites 
— obtained  in  the  vicinity— for  steam-raismg,  and  the  production 
of  a  power  gas,  since  this  plant  is  equipped  wit'i  the  most  modem 
steam  power  units,  and  contains,  in  addition,  one  producer  gas 
power  unit.  In  this  case,  the  prodi  :er  gas  power  plant  his 
proved  to  be  the  more  economical,  in  spite  of  the  disproportionate 
capital  charge  against  it. 

Not  only  is  producer  gas  an  excellent  fuA  for  the  production 
of  power,  but  it  also  serves  as  an  excellent  substitute  for  town 
or  retort  gas  for  many  varied  purposes.  It  has,  -  example, 
been  utilized  in  England  with  great  success  for  heating  metal 
furnaces,  and  for  other  industrial  purposes,  and  the  field  for  the 
employment  of  this  kmd  of  gas  for  domestic  purposes  is  very 
large  indeed,  especially  where  a  cheap  and  satisfactory  domestic 
fuel  cannot  be  obtained.  Producer  gas,  though  lower  in  heating 
value  than  town  or  retort  gas,  can,  nevertheless,  be  s<jld  at  a 
much  lower  price  per  1,000  heat  units  than  the  latter,  and  when 
burned  under  the  proper  conditions  will  produce  a  temperature 
sufficiently  high  for  ni.iny  metallurt;iccd  purposes. 

The  tests  of  the  six  commercial  samples  of  lignite  obtained 
from  six  of  the  principal  producing  mines  in  the  vicinity  of 
Edmonton,  show  that  they  are  all  well  adapted  for  utilization 
in  the  gas  producer.     The  gas,  after  passing  the  simple  water 
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scrubber,  was  practically  free  from  tar  or  solid  matter;  and  when 
burned  in  the  cylinder  of  the  gas  engine,  left  no  residues  of  any 
kind.  The  composition  of  the  gas,  moreover,  for  most  of  the 
lignites  tested,  did  not  vary  to  any  appreciable  extent  throughout 
the  trials.  Considerable  difficulty  was  anticipated  from  packing 
of  the  fuels  in  the  producer,  and  the  consequent  production  of 
high  suctions,  owing  to  the  finely  divided  condition  the  lignites 
usually  assume  when  subjected  to  heat,  or  when  exposed  to  the 
air.  No  trouble,  however,  from  this  source  was  experienced, 
and  the  suctions,  though  higher  than  in  the  case  of  coking  coals, 
were  not  excessive.  Clinkering  was  not  noticeable  to  any  marked 
extent,  except  in  the  case  of  one  of  the  lignites;  and  in  this,  as 
well  as  in  every  other  case,  poking  readily  relieved  the  trouble. 

It  must  be  borne  in  mind  that  the  producer  used  for  these 
trials  was  designed  for  a  coking,  bituminous  coal,  hence  its 
interior  dimensions  were  such  that  the  expansion  of  the  fuel  in 
passing  down  towards  the  bottom  zone  was  allowed  for.  This 
property  of  a  bituminous  coal  when  heated,  necessitated  an 
increase  in  the  area  of  the  cross-section  of  the  upper  zone,  from 
the  top  towards  the  annulus,  or  gas  offtake,  and  a  large  volume 
for  the  lower  zone.  In  the  case  of  lignite,  the  reverse  phenom- 
enon is  observed,  for,  instead  of  an  expansion  of  the  fuel  as  the 
volatile  matter  is  distilled  off,  a  contraction  occurs.  For  this 
reason  the  coning  of  the  upper  zone  should  be  the  reverse  of  that 
necessary  for  coking  coal;  and  since  the  percentage  of  fixed 
carbon  is  much  less  in  the  case  of  lignite,  and  the  volume  of  the 
fuel  passing  into  the  lower  zone  is  also  very  much  less,  this 
portion  of  the  producer  should  be  made  with  a  much  smaller 
volume,  in  addition  to  a  change  in  its  shape.  Such  alterations 
in  the  design  whenever  deemed  necessary  can  be  easily  made, 
and  should  be  worked  out  for  the  special  fuel  under  consideration. 

Notwithstanding  the  fact  that  the  producer  was  not,  in 
every  detail,  designed  for  the  use  of  lignite,  the  results  were  very 
satisfactory. 

The  heating  value  of  the  gas  appears  to  be  rather  low  in 
certain  cases;  but  this,  under  commercial  conditions  and  con- 
tinuous operation  could  be  appreciably  increased.    The  average 


net  calorific  value  of  the  gas  generated  in  this  type  of  producer 
should  be  in  the  vicinity  of  115  B.T.U.  per  cubic  foot. 

The  recovery  of  the  nitrogen  content  of  the  fuel  contained 
in  the  ammonia  formed  in  the  producer,  would  not,  in  any 
sense,  pr(jve  profitable  in  this  type  of  producer,  as  will  readily 
be  seen  by  referring  to  the  results  of  the  tests.  These  deter- 
minations were  made  with  a  view  to  rendering  the  tests  as  com- 
plete as  possible.  Some  of  the  lignites  were  burned  in  the 
Korting,  double-zone,  peat  gas  producer,  in  order  to  ascertain 
their  behaviour  when  gasified  in  this  type  of  producer.  The 
results  were  not  unsatisfactory,  although  the  thermal  efficiency 
did  not,  in  any  case,  approach  that  obtained  with  the  Westing- 
house  producer.  The  Korting  producer  was  designed  for  the 
exclusive  use  of  peat  fuel ;  but  the  fact  that  as  clean  a  gas,  with 
as  high  a  heating  value,  can  be  obtained  with  lignite  as  with  peat, 
when  burned  in  this  producer,  is  not  without  interest. 

Lignite  is  not  a  difficult  fuel  to  gasify  in  an  ordinary  well- 
designed  producer,  hence  should  prove  an  excellent  fuel  for  the 
production  of  power,  or  fuel  gas,  when  utilized  in  this  manner. 
Where  water  power  does  not  exist,  this  method  of  developing 
power  should  prove  profitable,  as  well  as  economical. 

Part  II  of  this  report  contains  the  results  of  the  boiler 
trials  on  the  coals  tested  in  the  producer.  The  results  set  forth 
in  the  accompanying  tables  will  show  that,  under  certain  and 
favourable  conditions,  lignite  can  be  satisfactorily  burned  under 
a  boiler  for  steam-raising,  when  employing  the  usual  grate  bars, 
and  wlien  the  fuel  is  hand  fired.  Better  results  could  be  ob- 
tained with  specially  constructed  combustion  chamlx;rs,  pro- 
vided with  mechanical  stokers.  However,  no  provision  was 
made  for  comparing  the  relative  efficiency  of  the  two  methods 
of  firing  and  burning  the  fuel. 

As  is  stated  in  the  report,  the  rate  of  steaming  was  kept  as 
nearly  constant  as  possible  for  all  the  fuels  burned,  so  that  no 
opportunity  was  provided  for  observing  the  behaviour  of  the 
various  lignites  when  burned  under  different  conditions,  and, 
while  the  importance  and  value  of  carrying  out  several  trials 
on  the  same  class  of  coal  under  different  conditions  as  regards 


rate  of  steaming,  etc.,  was  recognized,  this  could  not  be  done 
owing  to  the  limited  quantity  of  each  sample  sent  to  Ottawa. 
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PART  I. 


PRODUCER  TESTS. 


BY 

B.  F.  Haanel  and  John  Blizard. 

TYPES  OF  PRODUCERS  EMPLOYEb  IN  THE  TESTS. 

The  two  producers  employed  in  these  tests  were  evolved 
from  the  simple  up-draft  type,  or,  from  a  combination  of  this 
and  the  simple  down-draft  type. 


rP-DRAFT  PRODUCERS. 

A  simple  form  of  this  type  of  producer,  which  clearly 
illustrates  the  principle  of  operation,  is  shown  in  Fig.  1.  The 
fuel  is  charged  through  G,  and  the  air  and  steam  required  for 
combustion  are  admitted  through  A,  Ijelow  the  fire  bars.  The 
gas  off-take  is  situated  near  the  top  of  the  proflucer,  at  G,  which 
is  placed  at  a  considerable  distance  above  the  fuel  level.  The 
air  and  steam  in  passing  upward,  through  the  r!ur:tion  zone, 
interact  with  the  hot  carbon,  and  a  combustible  gas  is  thus 
formed  which  leaves  by  the  exit  G.  It  will  be  seen  that  the  tarry 
matter,  which  is  distilled  from  the  fuel,  passes  off  with  the  gas, 
without  coming  into  contact  with  the  carbon  in  the  combustion 
zone,  consequently,  it  takes  no  part  whatever  in  the  formation 
of  the  final  gas.  If,  therefore,  a  large  proportion  of  the  total 
heating  value  of  the  fuel  is  contained  in  such  tarry  matter,  the 
thermal  efficiency  of  the  process  will  Ix;  very  low,  since,  as 
pointed  out,  this  tarry  matter  leaves  the  producer,  undecom- 
posed.  In  addition  to  the  inefficient  manner  in  which  such  a  pro- 
ducer converts  the  heat  of  a  fuel  into  a  useful  gas,  the  fact  that 
the  gas  is  heavily  laden  with  tarry  matter — which  must  be  re- 
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moved  by  tar  extractors  Ix^fore  it  can  be  utilized  in  a  gas  engine- 
must  not  be  overlooked.     In  most  cases  where  a  fuel  is  gasified 


Fig.  1.     Simple  form  of  up-draft  gas  producer. 


for  the  primary  purpose  of  generating  power,  the  formation  of 
tar  constitutes  a  nuisance,  and,  in  order  to  remove  this  objection, 
the  down-draft  type  of  producer  was  devised. 
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DOWN-DRAFT  SUCTION   PRODUCER. 

In  this  type  of  producer,  the  air,  and  steam  if  required,  are 
admitted  at  the  top,  and  in  passing  downwards  through  the 
reaction  zone  of  the  producer,  form,  by  interaction  with  carbon 
a  gas  which  leaves  by  an  exit  situated  below  the  combust 


Fig.  2.     Simple  form  of  down-draft  gas  producer. 


zone^  Fig.  2  shows  an  illustration  of  a  producer  of  this  type 
which  was  used  for  the  coal  tests  carried  out  at  McGill  University 
The  fuel,  with  this  type  of  profUicer,  -"s  also  charged  through 
the  top;  but  since  the  daft  is  in  a  downward  direction  no  gases 
escape  from  the  charging  door.  Such  an  arrangement  permits 
the  poking  of  the  fuel  bed  through  this  charging  door,  also  the 
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direct  ohscTvation  ,>f  the  f5re.  By  referripR  to  FIk  2  it  will 
be  P  a,n,y  sc.n  that  all  the  ^ olatile  matter  which  is  distiL  from 
the  fuel  must  pass  clown  through  the  hot  fuel  bed  before  loaS 
at  the  exu  s.tuated  at  or  just  below  the  combustion  leh'ec 
t  comes  mto  mt.mate  contact  with  the  incandescent  carbon  of 
the  reaction  zone  anrl  is  either  decomp.«ed  into  pernunen 
gases  .,  pa.t.aly  burne.I   and   partially  decomrKSTh 

result-however  the  reaction  pro^-eeds-is  a  gas  practicdlv 
free  from  tar  and  a  higher  thermal  efficiency  for  the  p  oc  ss  of 
gas.f.cat.on  With  this  type  of  producer  an  appreciable  quantity 
of  combusfble  matter  passes  below  the  gas  outlet  without 
bemg  completely  burned,  and  since  this  cannot,  in  a  practica 
manner  be  recovered,  it  is  lost  as  far  as  the  process  is  concerned 

of  thtts't  m"   Th'  '°""'^  ^  '^'^^^''^^^  ■■"  ^'^^  ^'^--''^'  ^^^^ 
tvoe    Z  T'-  ^°"^V'"'''  '^'  P""^'P^'  "'>J«-""'"n  to  this 

sat'^lct";'  '"  "^"^  "'^^^  ^■^'^  -^'^  ^  P-^-er  is  quite 


COMBINED    CP-DRAFT    AND    DOWN-DRAFT    PRODUCER. 

"■'lis  type  of  producer  was  designed  for  the  purpose  of  com- 
bmmg  all  the  advantages  of  the  up-  and  down-draft  tvpe  Td 
«  the  same  t.me  eradicating  their  objectionable  feature^' 
w^ll    readily    be    seen    from    the    following    description    that 
wuh    such    a    prcKiucer,    it    is    theoreticaHy   an      ay   ma  te; 

rL'Tf'utr  aid?   "°'""^%''^"'   ^""^^'^   matt7dXd 
airtho    .      ;      r-M  '"'"■■"    "'"    '-■"'"P'^^^^^    combustion    of 

an    the    combustible    matter    passing    into     the    lower    zone 

n   such  a   producer,  fuel    is   charged  at    the   top.   where  a  ; 

.  and  steam  mlets  are  situated;  while  air  and  steam,  only    are 

admitted    to    the     bottom    of     the    lower    zone.       Th  '  g" 

ormed    .s    drawn   off  at    the  middle  of    the    producer,    he.    e 
the  final  producer  gas  is  a  mixture  of  the  ga    formed  in    he 
upper  and  lower  zones.     Although  the  gas  foLed  in  the  upper 
zone  s  more  or  less  uneven  in  its  composition,  owing  to  the  char^ 
jng  of  green  fuel  fron.  time  to  time,  the  compositL  of  the  gas 

Zl"  •°""  '°"^'  "^"  "^^-^  '^^P^  approximately  cons  ant 

smce  this  zone  .s  operating  continuously  on  hot  coke  or  carbon 
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Fig.  3.     Combined  up-draft  and  down-draft  gas  producer. 
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al>ove   described    theoticallvT.?"  '"T"^^  '"  ^''^  "'-"" 
will  Fx>  less  sens  tivL    a,  r        ?  ^      ?"   ^   ^ ^'^"^'"'^    *hich 

ch,u,«es  ..i^iss  -  ris:;^^::;  ^'s:^'^'°-  ;^ 

upon  this  principle  is  shownTn  Hg  3  «      '      ""'    ''"'"'^"^^^^ 

9.n.-^'''"r^''"''''"^'''""'*'  producer  employed  at  the  Fu.I  T    .• 
Station  for  most  of  the  tests  to  h>    t        i    i  Testmg 

Precisc-ly  the  same  pr  nd  le  althou^r-;^^'  ' '""^"-'^  "f'"" 
methcxJ  of  operation  a!L  somewhat  different  j'"T''''r  ""^ 
tions  of  the  two  zones  of   ™*"^^^'"^"'^ent-     In  short,  the  func- 

lows:  the  upper  zone  irvesh  ""  T^  ^  '^''''^^^^  ^^  f«'- 

and  vohuiirmauc"  fTom  tl-  ^''TT  "^  ^'^^'"'"^  '^"^  '""-^"'"^^ 
free  combustib.:^ratt^fth?ltrnr^^^^^^^^  -  tar 
IS  also   formed   from   the  volatile   m..?  •  ^°"'''  ^^ 

carbon,  interacting  in  the^'^wnwarr^ar^"' K^l  ''^^ 
zone  the  tar  free  combustible  mattTrT  T;  ^"  '^^  '•^^'-"'" 
fuel  employed-interacts  wi  hX  '    "^^'^'^^pending  on  the 

the  tuyere'lituatecS^inttottt^ir  S^^^^^        '^-^'^ 

-UBr.E  ZO.H  KKODCCH:  BOTH  ZO.HS  OPKK.X,^0  W.™  .p.nK.PT 

ture.'^r  ^'Xef^delVd"  '1^'  '"  ^"'^^''^  -"^  -^  -- 
The  Kordnl  double  zone  "if"  """S^''^  '^  '^^^  ^«^-nt. 
constructed  ;ccordynVto;hrn  •'"  T'^r'"'  ^^  ^^'S-  ^^^  '« 
into  hoppers  A.  A  from  w£  it  S'  "'  "^'"^  '"'^'  '^  ^^^^^^^^ 
C,  C.     Theoret  ca  Iv  tJl  comt,,    •  "T"  '^"^  ''°P'"S  «^^te3 

ducer  should  be  fust'  snfflr  f  "^"  'm  "^'^  P°^^'""  °^  the  pro- 
moisture  from^h  "  e"^  ::r  '"in"::  ^.'^^-^-'''^-tterand 
consumed  here  exceeds  thatleorJcL'iClui^^^^^^^^^^^  ^' 

fuel  passes  through  a  restricted  canal  In  n^"  ^'"'  ^'^"^ 

directly  beneath   and  h.t-  k  •      ^^'^""'^  ^°"<^  situated 

The  upper  zontg^  ehaiedT^h"'""  "  '"""^  ^°  completion. 

caused  to  pass  th^oul  T  '"""'"''  ^"^  ^^""^  ™^tter  is 
pas.  through  the  openmg  D  and  downcommer  E  to 

'Illustration  taken  from  the  Pi.>ce«lmff,  „»..,    ,      ■ 

il.x^ding,  of  the  iMUtutioa  of  Mechanical  Engineer,.  19,,. 


fig.  4.     Double  zone,  up-draft  gas  prod 
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""•  'I'-nnlHT   F.si,nat...l  .lir.r.ly  Ik-.u-.u!,   ih.  «r.u.  I.ars  .,f  ,|... 
..vver  /.-,,,..     1  rom  this  ,H>i„t.  the  j-asc-,  pass  ..pwar.l    ,hrou«h 

on   ntluT  .suio   of   .h.   phkI......     The   f..rn.ati..„   ..f   p..,..,, 

K.is  ..  am.n.phslu.l  aln,...,   ...uinlv  in  the  L.w.r  /one.     Merc 
the  Kases  resulting  fn.n,   ihr  n,n,I,n,ti..n  ,.f  f„el   in   the  uppor 
/..ne   ,..«.,her  w.th   air  a.hni„e,l    .hnn.Kh   ..peninxs    ..    ,.    pL 
u,J.an  s  thr..n«h  the  hot  carl.o...     As  a  n.n...,uJ;,a.;  reac'i" 
ak..  pla.e  I.e. ween  the  hot  rarl.on  ami  ,he  air.  ,n.,ist..re.  an,! 
-  a  ..nam  extent,  the  tarr,-  n.atier.     The  moistnre  i.  .h.con.-' 
FH.se.  .    formmK    free   hy.lr„K.  „.   eariH.n   moaoxi.ie.   an.l   c.irl.on 
d  .xuie;  wh.le  ,he  carlK.n  .iioxi.h-  contain..!  in  the  upp.,  ..„". 
KaMs  ,s  partially  re.Ince.l  to  carl,,  n  n.onoxi.le.     The  t.trry  n.atter 
IS  partly  <!ee,„npose,l  into  piTnianeut  con.l.nstil.le  K.as,.s.  an,!  is 
.-.J-.  to  a  .ert.nn  extent,  l.urne,!.     Theoretically,  su.h  a  process 
h..ul.I  resul    m  a  tar  free  gas;  lu.t  in  actual  practice  this  L  neve^ 
U^e  .ase.an.!  a  tar  extractor  of  some  ,l..scription  nu.st  I,e  int.r- 
posed  „.  the  system  for  the  purpose  of  purif>  inj,  the  gas  suf.icicntly 
lor  Use  m  the  i;as  engmc. 


DISCISSION     ON    TM..:     COMHINKD     LP-DRAFT     AND     DOWN-DRAFT 
TYPIi  OF  PkODlCI-R. 

Tins  type  of  protlucer  has  Ixxn  evolved  to  supplv  the  re- 
quirement for  a  gas  generator  capal,le  of  producing  a  gas  from 
b.tummous  coals  suniciently  clean  for  utilisation  in  a  gas  engine 
without   first  passing  through  the  usual  train  .>f  puHfying  a,,- 
paratus.     The  smiple  form  of  d.>wn.draft   producer,  descrihed 
elsi.where.  was  a  partial  solution  to  the.lifr.culties  pr.Kluced  by  the 
presence  of  tar  in  tlie  gas-hut   this  type  on   the  other  hand 
possessed  certain  disadvantages  which  offset  to  a  certain  degree 
he  advantage  otherwise,  gained,     fairly  gocxl  results  were  ob- 
tame,l    with    the   down-draft    pnxluc-er   use.!   during   the   trials 
con.lucted  at  McGill  rniversit>-  for  the  I)eparrn,ent  of  MinS 
A  rotary  tar  extractor  was  employed  which  gave  satisfactory 
results  for  some  of  the  trials;  hut  in  others  considerable  trouble 
was  experienced   with   tar.   which   necessitated   cleaning  of  the 
extractor  while  the  trial  was  in  progress.     In  the  case  of  lignites 
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viTV  littli-  i>r  no  t.ir  w.is  |>r(s«iif  in  tlic  ^^.\s,  and,  in  rirtain 
instances,  the  tri,il>  wen  run  ^.iii^f.K  tt.rilv  willioiit  iNiMm  itiicr  ila- 
tar  ixtr.iclor  nra  s.i\vilust  s(  tiii'Ikt  till'  'Illy  cleaning  aK«tii  I  )iin« 
a  wit  if.kr  scruMHT.  Ilictnii  i<iicy  of  (liispnxliuir  whtn  «asifv- 
inn  linnil'v  mals  varitd  l.itwcrn  4';-5  .md  65-7  (mt  O'nt ;  wlitTt-.is 
in  tlif  trials  with  liir  \\Vstini;lii.uM-  <i..al)lr  /.m,.  |)p..|ii(ir,  at 
Ottawa,  on  similar  fuels,  the  iIIk  ieticic^  r.iiin«<l  iMtwicn  71-8 
and  <il()  |Kr  a'nt.  The  l.tlter  results  ..ht.iiiu-d  with  this  pro- 
ducer  may  Ik-  attril.uled,  partly,  to  its  l.iruer  c.ip.icity,  l.iit 
more  pariitularly  td  the  fact  that  the  coinliiistil.le  m.itier  p.iss- 
inR  into  the  Imver  zone  is  more  conij)letely  hurned.  'I'lie  ri'fuse 
drawn  from  the  ff)rmer  p--  ducer  cont.iinrd  from  44-4  to  .r?-4 
IH'r  cent  of  comhustilde. 

The  advanta^;es  of  the  douMe  /one  i)r<>ducer  over  either  of 
the  other  two  ty[)es  may  he  suiTuiiarized  as  tollows;  — 

(1)  The  practically  complete  combustion  of  all  the  fuel 
charned. 

(2)  The  form.ilion  ol  a  tar  free  k.is. 

(3)  Ahsence  of  auxiliary  tar  extracti;rs  or  other  i;as 
purifying  devices. 

(4)  A  final  gas  compo^d  of  a  mixture  of  the  ^-istis  Keiierated 
in  the  two  zones  of  the  product  r,  hence  less  v.iii.ition  in  coni- 
postition  due  to  ihar^in^  ^reen  fuel,  since  the  >;as  fc.rmed  in  the 
lower  zone  is  practically  constant  as  re^'ards  its  composition. 

When  a  coking,  hituniinous  coal  is  hurned  in  this  tyix-  of 
pnKlucer,  instead  of  the  formation  of  tar,  lamii  hlack  is  produced 
to  a  greater  or  less  degree,  deijcnding  on  the  metlnKl  of  manip- 
ulation adopted.  This  lamp  hhick  is  readily  separated  from 
the  gas  in  its  passiige  through  the  water  scrubber. 


^ 


DKSTRUCTION  OK  Till;  T.\KKY  VAl'OLRS. 

The  heavier  hydnn-arbon  vapours  are  either  split  up  into 
fixed  combustible  gases,  or  ;i.e  burned  within  the  pnKlucer 
itself.  It  is  not  unlikely  that  both  of  these  agencies  are  effective 
to  a  certain  degree,  but  it  is  also  (juite  probable  that  the  major 
portion  of  the  tarry  matter  is  burned.  Where  the  heavy  hydro- 
carbon vapours  are  oxidized  the  products  of  combustion  are 
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hot  curiam  tn  the  offtake.     If  carl>on  dioxU-.  a^is  f',n«l 
th,.^.t^rcact.on  with  carbon  according  to  the  re^::^;^: 

C(),  +  C  »  •  2CO 

will  remilt  in  the  formation  of  carlnm  monoxi.le;  hut  while  thi, 
reaction  may  pr,K-eed  t.,  a  certain  deRre,-   it  is  ,  uit.  lit        M 
a  further  and  reverse  reaction  takes  pi  ce   In d    h  t  '       " 

monoxide  is  again  .iecomiK.s..,|.  during  kJ  o"  L^  k  '  TT 
cooler  .K.rtion  of  ..e  fuel  U-.i.  int'o  car^il  d  '  ,  t::!^^^ 
The  pre..nce  of  this  latter  reaction  is  confirmed  since  frcVcairn 
m  the  form  of  lamp  black  is  contained  in  the  final  gas.  Methane 
also  occurs  as  a  component  of  the  gas  in  more  or  less  varSe 
h  Is  ";rT  "*  •''*"^'1  '"  comparatively  small  ,uant  ti^^^ 
art  iikuy  to  obtain  m  any  producer,  that  while,  theoreticallv 

The  combustion  of  U,«  hydroc.,rlx,„s  a,  a  mean,  „(  removing 
the  tarn-  maccr  „i  I  „o„  fe  considered  in  more  dctl  I  The 
pr<wss  of  l.urnmB  the  hy,lrocarl„„s  to  carbon  dioje   .,.1, 

rrtd"'  "r "•  ""*"  ""■  ^'^'"^  p-"^" »'  ^  ^e  m':: 

simple,  and  makes  it  an  easier  miftrT  »-.  ^  l     ,      . 

condition  for  a  double  zone  prodTc   " vL     tTaTof  d  ^  "'"'" 


17 


Before  passinK  to  a  dt-«cription  of  analyscn  of  the  tests, 
it  will  l)f  of  intmst  to  «>,..niim-  the  chemical  ana!>s«!i  of  the 
liKnites  ttste«1.  as  to  tluir  suitability  for  o(H-rati.m  umlir  the 
ideal  conditions  outlined  al>ove.  {•(.r  thesi-  conditions  it  will 
bv  assnme<l  »hal  the  reactions  take  ()lace  accordinn  to  two  of  the 
foll-.vinK  thr.e  e(|uations,  vi/:  "A"  for  the  reaction  between 
can,  .1  dioxide  and  carlx.n.  and  either  "W  or  "C"  for  the 
reaction  l)etween  steam  and  carl>on.  The  chemical  reactions 
are: — 

A.  CO,  +  C  =  2CO 

B.  H,0  +  C  =H,  +  CO 

C.  2H:()  +  C  =  CO,  -f  2H, 

It  will  further  l>e  asvsumed  that  "fixed  carbon"— an  em- 
pirical term  employed  by  chemists  in  refwrting  their  analyses 
of  coal — represents  pure  carl)on. 

According,  then,  to  the  assumption  that  carbon  dioxide 
and  srfam  are  reduced  as  shown  al)ove,  it  is  cvid.nt  from  A, 
that  one  pound  of  carbon  in  the  volatile  matter  reriuires  one 
pound  of  carbon  in  the  fixed  cari)on,  for  its  subsequent  reduction 
after  its  conit)ustion  to  carlxin  dif>xide,  and  from  B.  tiiat  one 
pound  of  hydrogen  in  the  volatile  matter  requires  6  pounds 
of  fixed  carbon,  and  from  C,  that  one  pound  of  hydrogen  requires 
3  pounds  of  fixed  tarlxjn. 

TAiil  F.  I. 
Comparative  Analysis  of  Coals  Tested. 

I'ER   100  LHS.  OF  IlEI.  AS  ("HARCtD. 


Fixed 

~ 

Fixe<l 

Fixed  car- 

Surplus 

carbon  re- 

lx)n  requir- 

fixed c.irbon 

carbon 

(  arbon 

<|uired    to 

ed  to  re- 

Name of 

in 

in  vol- 

Hydro- 

reduce car- 

duce car- 

1 

coal. 

coal  as 
charged 

atile 

gen. 

bon  dioxide 

bon  dioxide 

A-t-U      A-l-C 

matter. 

and  steam 

and  steam 

re-          re- 

A-l-B. 

A+C. 

action.  ;  action. 

Tofield....!  36-7 
Rosedale.  .i  43-4 

13-7 
13-9 

6-6 
S-8 

53-3 
48-7 

33  S 
31-3 

-16-6  1     3-2 
-  S-3  1   12  1 

-1-  3-8  1   18-8 

Gainford . .    43-8 
CardifT      V 
collieries/    40 -4 

100 

SO 

400 

250 

U-7 

6-4 

50-1 

30-9 

-  9/ 

T     n  City    41-3 

12-8 

S-9 

48-2 

30-5 

—  6-9 

Pembina.  .    43-9 

100 

S-S 

430 

26-5 

-  0  9  :   !      t 

1 

*rii 


U^fC 


'jt' 


18 

from  iho  above  tal)lc  If  «;ii  k  i 

that  of  „u.  Gainfoni  cI;  i  t^  a^^X:^;"  ""^  T^  ^O'' 
the  reactions  A  and  B  have  Zr^tZ  [  ,U  ''' "''" 
reaction   CO,    +    H,.    CO    +   *'"  ^."^'^^^^'-     '\s  the  reversible 

neither  B  nor  C  coulci'Sk<^p,S'^^:;::rt t'"7'^^^' 
pnxlucer,  but  the  riLrht-  I,.>n-i    •  .       .'■7'"^'^<^'>  -  m  an  ordinary 

predominate  as  the  emnc '  f/  '  ""^  '"""''''''^  '■'■•^«'"-  ^'i" 
from  the  above  tale  i  Tim  w  l  h  ^'^  ''  ■  '"^^'^^'^  '"^^•-"- 
A  and  n,  calculated  fo   th'c  'f  "P"""  °^  ^''^'  ^^^'^"'^ 

draft  zone  except  TnT^'  '°  ^^""*  ^^'^''^'^  to  the  down- 

poses  oroVeroV:t  t:r:rther ' ' '"'''-'  ^-^  ^'^^  ^- 

trials  of   lignites   Carried   ouf  a     McGir?-"-     ^^  '''"  '''''' 
simple  down-draft  producer  sUm  '-"'vers.ty  with   the 

cases.     The   nu.isture       nL  s  of  Ti^  '  r'^""""-'  '"  °"'^  ^'^^^ 
cases  were  16.1;  12-6      nd7  8  ''""''   '"   ''''^^^   ^'^'"'-"^ 

the  trials  described  her'ein  no  f  ^'"  ''"''  '■'^^P^^'^'e'V-  '"  all 
^one  of  the  producer         '        '''""  ""^  ^'"""^^  ^»  ^^e  upper 

in.poibt^o"X^d^b';,rn  ^  H""';r  ^""^  ''^^^-  '^  '^ 
tarry  vapours  by'  he  me'  "kIs  cf «  "'.^^'7'^  ^^""'^'^  ^'^^ 
perfection   being  attained    .L       1      "^":^'     ^"^'"^^^    "^    this 

of  the  tarry  ^^::T::^::^xj:t;zf:^Tr'^" 

vapours  leave  the  proclucer  partly  unbunld  Th/  '  '7T 
operation  of  such  a  producer  w^ll   thor  r  ,"        ^  successful 

in.  and  reduction  of  tL  v  i:  ;  ta":;  w 'h  I"""  '": '"^"- 
undue  proportion  <.f  eases  to  .1  J  T       "'  Pe""'ttinR  an 

free  gas  can  be^b^:!;;;:!"^"'"'  "'  "^^■"''""'  ^-^  '^-"•-">-  tar 
Objective  of  Tests. 

the  gas  and  th c'suita"  "  v '[        '^s  ZT^'  "'  "'^  ^"^^'"^  '" 
(^)  the  di.cu,ties  encountere^^X^™: -rS^::;^ 
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Other  infori.iaiion  \v;is  obiaincd  such  as  the  quantity  of 
ammonia  in  the  ^as,  anfl  the  (jiiantity  of  water  used  for  oxiling 
and  cleaning  the  i^^:  ilie  variation  in  the  efficiency  of  the  pro- 
ducer for  the  ';,.i  :;■.•!  a-sir-  is  aho  accounted  for  as  far  as  pos- 
sible. Furth(  ,  cnmpiny,:!  .-.  made  possible  between  the  utili- 
zation of  the  '    '■:    :.  Lw.  t\pe-  f)f  [)roducers. 

MF-THOD  OF  CARRVIN<;  Ol,  i       ESTS,   AND  OIISKRVATIONS  TIIF.REOX. 

Fuel  Qualily,  and  Composition.  The  accurate  sampling 
of  the  fuel  charged  is  an  imi)ortant  item  in  tests  of  this  character, 
and  should  be  carried  out  for  fuels  which  change  so  rai)idly 
as  lignite,  immediately  before  a  test.  The  consumption  of  fuel 
during  a  test  is  determined  by  accurately  weighing  all  the  coa! 
charged  and  by  judging  the  conditions  of  the  fuel  bed  at  the 
beginning  an.d  end  oi  liie  test. 

DETERMINATION  OF  THE  QUALITY  OF  THE  FUEL. 

Immediately  before  each  trial  the  fuel  to  be  tested  was 
carefully  sampled.  For  sampling  sc  large  a  (luaniity  of  fuel 
it  was  found  convenient  to  cmi)loy  the  third  shovel  method: 
i.e.,  the  entire  quantity  of  coal  was  shovelled  over,  and  every 
third  shovelful  of  coal  was  thrown  into  a  heap  by  itself;  after 
crushing,  this  was  then  again  reduced  in  the  same  manner;  and 
finally  quartered  down  to  a  comparatively  small  sample,  from 
which  a  laboratory  sample  was  taken,  and  put  into  a  sealed  jar, 
for  further  examination.  The  fuel  was  in  ever\-  case  charged 
into  the  producer  or  boiler  furnace  without  beitig  subjected  to 
any  preliminarx-  treatment,  such  .as  crushing  or  screening. 

FUEL  CHARGED. 

The  fuel  before  charging  was  weighed  on  a  standard  scale, 
and  a  record  was  kept  of  the  fuel  level  during  the  entire  test. 


STARTING  AND  STOPPI.NG  THE  TESTS. 

The  pro<iucers  were  started  from  a  small  fire,  which  was 
gradually  built  up  with  an  up-draft. 
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m  the  Westinshause  pro,fuce     "  U ru  thl         '  /    ""'  '^^"^^"^ 
just  visible  through  tl'e  lower  si  ht  holes     '"^'^"''^■■^-"^  ^"'-•'  was 

Before  stopping  Ur.  icsm  ,i„  ",■  ■ 
were  made  to  approximate  t'f,  "'"''??"''  '"  ^'^^  P-^^cer 
obtaining  at  the  heginntnJ  In  .!  "  .''  .'"  "^''  ""^'^'""^ 
producer,  accurate  LZcL  of  i  '  •  ?"  "^  ''"^  ^Vestinghouse 
an  impossibility,  and  is  ik  it  t^  '  '"'"■'°'"  '^^"^•^■■'^"  '^  almost 
estimation  of  th  >  fu  1  co^ 'umptioT  T  'T"'''''  ^'""^^  '"  ^^e 

Producer. 

wefgi'^;::::?;::tr  t:  r :  rr--  --  — ^  - 

-n  this  assumption-will  be  6^0)  n"  ^""^  "^^  ^'^^  ^"^''- 
fuel  charged  during  the  tr,  U.  I  T""'^''  ^"^  ^'"^^  ^^e  total 
't  will  be  seen  tha^  it  "the  f T''^  '"^  ''''''  ^^^^^^^' 

charged,  is  very  high  fn  e  t  ,n  •  ',"  '^'  '''■°'^"^'^^'  '^  ^hat 
of  the  fuel  in  the  producer  at  hr,''  ""''""'  ^'^^  ^«"^'^'- 
large  error  may  fxTntTX..d  -'""'"^  ^"'^  ^"^  °^  ^  test,  a 

hence  the  durL^o;  S^fhe  iTThZ.^" 

the  above  ratio  to  such  an  extent  tl/^  ''-R  enough  to  reduce 
not  introduce  an  appreciable  error  '"  '''''"^*^  *'" 

of  twLr  bix  ;;:tnZ:;^r  "^  ^^^-^ '-  ^'^^  -^^--- 

show  the  quantiies  of  carbon 'h  1''  T  '^''  '""'"'"^'■y  ^^eet 
gas,  per  hour.  In  e  tv  t,h?  ''^^"^^■^V'"'^  '"'^'^^  ''^^^''"S  -"th  the 
exceeds  that  leaving  ::;rH  the  '^'"  '^"  '''  ^'"'  ^^^"^^  ^"^^-^ 

p.te:r.;;^^/^,:f  ^j^t'^rr^f  ^t  ^^°^-^  --  ^- 

wh.h  seems  to  point  to  the  fa^rre  fsT^lyrsS 


'j:"--?^"-*^^ 


3\iv:s 


I'l.ATK    I. 


Rotarv  meter. 


jRl>'fi#.%. 


I  j^ 


•>  -- 

•a    A       ■- 


''I'iW  •:.Mm>  \: 


M 
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greater  depletion  than  this,  owing  to  the  carbon  being  associated 
with  other  ronihustihif  matter. 

Table  II  calculated  for  the  VV'estinghouse  producer  trials, 
shows  the  efficiency  (A)  calculated  to  allow  for  the  difference 
in  the  carbon  charged  and  carbon  removed  as  per  lanent  gas. 
For  purposes  of  comparison  the  efficiency  (B)  representing  the 
ratio  of  the  heat  in  the  gas  prtxluced  duimg  the  trial  to  that 
of  the  coal  charged  is  included  in  the  table. 

TABLE  II. 

Efficiency  representing  the  Ratio  of  Heat  of  Gas  Produced 
to  that  of  the  Coal  Charged. 


Trial. 


38 
39 
40 
45 
46 
47 


Fuel  Efficiency 

!  A 

— ' — — — !  

I 

Tofield j  67  •  5  per  cent 

Tofield i  62  •  6     "      * 

Rosedale {  66  ■  0     *      " 

Gainford 66-2     "      " 

Cardiff   Collieries 71-4     "      " 

Twin  City 60-9     "      " 


i       EfTiciency 
B 


66 1  per  cent 
620     "      " 


65 
65 
71 
60 


Production  of  Gas. 

Quantity.  The  quantity  of  gas  used  was  measured  by  means 
of  a  "Rotar>-  Meter."  This  meter  is  shown  in  Plate  I,  and 
operates  on  the  principle  of  the  anemometer.  The  working 
parts  consist,  principally,  of  a  turbine  wheel  with  vanes  set 
at  an  angle  of  about  45  degrees.  This  wheel  is  carried  by  a 
central  shaft,  which  is  pivotted  at  the  top  and  bottom  in  jewelled 
bearings,  in  order  to  reduce  friction.  This  shaft  actuates  the 
recording  mechanism  by  means  of  a  worm  wheel.  A  series  of 
guides  are  placed  just  below  the  turbine  wheel  for  the  purpose 
of  directing  the  flow  of  the  gases  before  they  impinge  on  the 
moving  vanes.  A  light  no-.-retum  valve  at  the  bottom  of  the 
meter  prevents  a  return  flow  of  gas.  A  small  quantity  of  the 
gas  is  by-passed  through  the  tubes,  shown  to  the  right  and  left 
of  the  non-return  valve,  in  order  to  ensure  rotation  of  the  turbine 
at  small  rates  of  gas  flow. 
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CALIBRATION  OF  GAS  METER. 

at  M  G  II  lln,vers.ty.  and  described  by  him  in  a  paper ^Xo  08n 

ecemr,or,    1905.     The  rate  of  flow  was  calculated   from   the 

formula  0  =  00137  Cfi^     i  '  ^       1         <-. 

W     u     ..5/  Cd    ^/    ^,     where  Q  =  flow  of  air  in  lbs. 

per  second. 

d  -diameter  of  orifice  in  inches 

i=difl[erence  of  pressure  on  the   two  sides  of  the  plates 

measured  m  inches  of  water 
P  =  niean  pressure  of  air  in  pounds  per  square  foo  . 
T-absolute  temperature  of  the  air  in  degrees  Fahrenheit. 

nl.f 7'''  '^'^^'■^"'^^  •"  P--^^^"^^  between  the  two  sides  of  the  orifice 
the  meter  reading  was  13  per  cent  too  hi^h      Th      ^f  P^"^ '^°"^ 


ANTI-PULSATOR. 


Posed^'ThlL'''  '"''"  '?^  '"^"^  ""  anti-pulsator  was  inter- 
posed.    This  apparatus  takes  the  place  of  a  gas  bag  and  is  used 

wi^i^ iLbT;'?''^  IT''  '"  '''  '^'^  °^  «-•  which  ix^ 
w.se  mevitable  ,.hen  the  gas  .s  being  used  by  a  gas  engine. 
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READINGS  OF  GAS  METER. 

Readings  of  the  gas  meter  and  observations  of  the  tempera- 
ture and  pressure  of  the  gas  passing  through  were  made  every  half 
hour  during  the  test. 

QUALITY  OF  THE  GAS. 

The  gas  was  analysed  every-  hour,  and  its  calorific  value 
determined  every  half  hour  for  short  period  tests,  and  every 
two  hours  for  the  trials  of  longer  duration. 

The  gas  samples  for  analyses  were  taken  over  a  short 
space  of  time',  and  analysed  in  the  Randall  and  Barnhardt 
apparatus.     The  calorimeter  used  was  the  "Boys." 

A  description  of  these  pieces  of  apparatus  will  be  found 
m  Part  IX,  Vol.  II,  of  "An  Investigation  of  the  Coa'.s  of  Canada," 
published  by  the  Mines  Branch.  The  method  there  described  was 
modified  to  the  extent  that  methane  and  hydrogen  were  deter- 
mined by  slow  combustion  in  a  special  pipette  attached  to  the 
apparatus. 

A  continuous  graphical  record  of  the  calorific  power  of  the 
gas  was  kept  by  means  of  the  Smith  Recording  Gas  Calorimeter. 
This  instrument  is  fully  described  in  the  Report  on  the  Utiliza- 
tion of  Peat  Fuel.- 


Determination  of  Tar  and  Ammonia  in  the  Offtake  Gas. 

Immediately  after  the  gas  left  thf  producer,  a  sample 
was  continuously  withdiawn  through  a  pipe  introduced  into  the 
ofTtake,  having  its  open  end  turned  to  face  the  flow  of  the  gas. 
The  tar  was  extracted  from  the  gas  sample  by  means  of  a  Brady 
tar  filter,  which  consisted  of  a  thimble  of  strong  filter  pajier, 
through  which  the  gas  had  to  pass.  This  thimble  was  fixed 
tightly  around  a  metal  collar,  through  which  the  gas  entered, 
and  was  surrounded  by  a  metal  jacket,  the  jacket  being  main- 
tained at  a  tei.iperature  high  enough  to  prevent  condensation 
"^   water   by   means   of   an   electrically   heated   sleeve.     After 

'Kxccpt  for  trial  55  where  contmuou*  lampltng  wa<  uae  ' 
'Minei  Branch  Report  No.  154. 
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parsing  th.  filter,  the  gas  was  drawn  through  two  w^sh  bottles 
contammg  dilute  sulphuric  acid  (one  part  acid  to  four  parts 
water  to  remove  the  ammonia,  and  finally  passed  through 
an  ordinary  gas  meter.  The  measured  volume  of  gas  was  then 
returned  to  the  main  stream  from  the  producer  by  connecting 

tl71  ^      I       C^'"'  '^'  '"'^''""  '^  ^  ""^'^  greater  than  at 
the  offtake,  that  the  gas  can  be  readily  drawn  through  the  filter 
bottles,  etc.     The  filter  thimble  was  weighed,  and'thc  read  ng 
of  the  meter  taken  before  and  after  each  experiment    so  that 
the  amount  of  tar  in  the  gas  could  be  determined.     The  results 

ctbttetTga:'^"'^^^^  ^"  -'^  '''  -'-'^  ^^  -  -  ^'^0 
From  time  to  time,  as  the  volume  of  the  liquid  in  the  bottles 
grew  too  great,  the  wash  bottles  were  rinsed  out.  and  the  ammonia 
m  the  solution  determined.  Fresh  acid  was  then  put  into  the 
tettles  for  the  next  experiment.     The  increase  in  ..'ight  of    he 

b  thrgls.  ''  ''"'  '''  '"'"''^  "'  "^^^'•'  P'"^'--onia. 

the  hni^H  ^""^""'^7^  determined  as  follows:  The  liquid  from 
the  bottles  was  made  up  to  a  definite  volume;  an  aliquot  part  of 
this  volume  taken  and  caustic  socla  added  until  the  solution 
was  strongly  alkaline.     The  solution  was  distilled  and  the  am" 

sulphuric  acid;  the  acid  remaining  unneutralized  by  ammonia 
was  then  titrated  back  with  decinormal  caustic  soda.  Frl 
^.s  can  IK.  calculated  the  amount  of  ammonia  in  the  aliquot 
part  distilled,  and  so  the  total  quantity  of  ammonia  in  the  gas. 

Determination  of  Tar  in  tlie  Purified  Gas. 

This  was  carried  out  by  means  of  a  Sargent  tar  filter  The 
apparatus  consisted  of  a  metal  case,  containing  a  wire  gauze, 
wh  ch  served  to  support  in  a  horizontal  position  a  filter  pape 
t  i  7:u  ir'"'  ""'^^"'^•'^^h  the  gauze  was  an  electric  lamp 
to  heat  the  filter  paper  so  that  condcn.sation  of  r-ater  could  be 
prevented.  The  gas  entered  from  above,  passed  through  the 
filter  paper,  bemg  thereby  cleaned  of  tar.  and  left  at  the  i^ttoi. 
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of  the  apparatus.  The  gas  was  then  measure*!  by  a  mpter,  and 
buined.  The  filter  p.ipiT  was  weighed  before  and  after  each 
experiment  and,  from  the  increase  in  weight  and  the  volume  of 
gas  passed  through,  the  amount  of  impurities  per  thousand 
cubic  feet  of  the  gas  could  l>e  calculated. 

The  time  of  each  experiment  was  not  kept  constant;  but 
the  filter  papers  'verf^  left  until  the  tar  colltxted  in  quantities 
large  enough  to  "ne  weighed,  this  being  readily  shown  by  a  slack- 
ening off  in  the  rate  of  flow  of  gas  through  the  meter. 


Temperatures  and  Pressures. 

For  the  trials  on  the  Korting  produc  -r  the  following  read- 
ings were  taken,  at  half-hourly  inter\'als:  the  temperatures  of 
the  gas  leaving  the  upper  zone,  and  of  the  fin^l  gas  leaving  the 
producer,  as  shown  by  a  Thwing  electrical  pyrometer:  the  pres- 
sures of  the  gas,  as  shown  by  water  manometers  at  the  base  of 
the  stand-pipe  on  the  prod.icer  which  conducts  the  gas  from  the 
upper  to  the  lower  zone,  and  at  the  exits  of  the  producer,  the 
coke  scrubber,  the  tar  filter,  and  the  dry  scrubber. 

For  trials  on  the  VVestinghouse  producer  readings  were 
taken  at  half-hourly  intervals,  as  follows: — 

The  temperature  of  the  gas  leaving  the  producer,  as  shown 
by  a  Bristol  electrical  pyrometer;  the  pressures  of  air  entering 
the  producer,  and  of  the  gas  formed,  shown  by  means  of  water 
manometers  plac  '  at  the  top  and  bottom  air  entrances  to  the 
producer,  at  the  producer  exit,  scrubber  exit,  and  blower  exit. 

The  temperature  of  the  saturated  air  blast  was  observed 
in  the  pipe  leading  from  the  vaporizer  to  the  entrance  to  the  lower 
zone. 


Water  Supplied  for  Cleaning  and  Cooling  the  Gas. 

All  the  water  supplied  for  these  purposes  passed  through 
a  meter,  and  records  of  its  readings  were  kept. 

General  record.  A  general  record  of  events  during  the  trial 
was  kept.  On  this  sheet  the  behaviour  of  the  fuel,  time  of  poking 
the  producer,  etc.,  were  recorded. 
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Description  of  the  We«tinghou8e  Double  Zone  BItumlnou. 
Suction  Gas  Producer. 

in  tut  J^^f  "P^""^'' K^\P^«J"cer  plant,  similar  to  that  instalk-d 
n  the  fuel  Testmg  Station,  is  shown  in  ideal  action,  and  .x-^ 
spect,ve.  .n  F,g.  5.  and  Plate  II.  respectively.  The  general  path 
of  the  gas.  after  .t  leaves  the  prcKlucer.  can  be  readily  traced  by 
referrmg  to  F.g.  5.     The  plant,  in  general,  consists  of  a  prXer 

IZ  :itrhe':  ''''rr"'  7'^^""  ^^^"'^'^'"^  Kasomlter.  :nd 
gas  mixing  header.     The  gas  formed  in  the  two  zone,  leaves  the 

producer  at  its  middle  portion,  and  is  conducted  away  through 
a  large  vertical  pipe  to  the  gas  washer,  etc. 

The  lower  end  of  this  pipe  is  submerged  in  a  water  se-il 
mto  which  the  waste  water  from  the  scrubber  ,^Z  ^i  ' 
any  impurity  it  may  remove. 

of  th?"'"  m'  '"l*"'''  ".'^  '^'  «^'  ''  conducted  to  the  bottom 
of  the  scrut,bc-r.  through  which  it  passes  upwards.  From  th^ 
ga.  washer  the  gas  passes  into  a  large  horizontal  receiver,  and 

tZr^^rl  ■  "■°'''''  ^''""  ^■'''^"^^'"••'  ^"-"  by  an  electric 
motor.  T»,  :  .ower  maintains  a  suction  on  its  producer  s.de 
and  a  pressure  on  its  opposite  side. 

For  purposes  of  regulation,  a  by-pa.s  connects  the  pressure 
and  suction  side  of  the  system.     In  this  by-pass  are  placed  t^o 

This  pressure  regulating  gasometer  is  shown  in  Plate  II 

n°       .u't:^-""'  "°^"-     ^^  '^'  P~-  i"  ^he  gasometer 
nses.  the  bell  rises,  and  through  a  system  of  levers  openT  the 
by-pass  v^Ive.   thereby   reducing   the  pressure.     The  pressure 
at  which  It  ,s  intended  to  operate  the  plant  may  be  r.gu'^c^d 
by  moving  a  sliding  weight  along  the  lever  over  the  bell,  therebv 
mcreasinfe  or  decreasing  the  force  against  which  it  has  to  move 
A  position  of  equilibrium  will  then  be  maintained  by  the  l>ell 
nsmg  until  the  gas  pressure  is  balanced  by  the  force  on  the  be^ 
It  will  be  observed  that,  as  the  bell  rises.  less  of  its  heigh,  willlx." 
.mmersed  in  the  water,  thereby  increasing  the  weight  of  the  b  :^ 
to  be  supported  by  the  gas  pressure,  and  so  rendering  a  con- 
dition of  stable  equilibrium  possible.     If  the  demand  for  gas 
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incrMsj-,,  ,he  pressure  in  the  gasometer  will  Tall,  which  cause, 
^to  cl,«.  the  by-pas,  valve  and  thus  deliver  m^re  ™  ,^  t^ 

-rr;r„::r.;:'-hX:-tXTe:r-:j: 
;r;:/t"h:;truct^^- "-  ■»  '^^  '^--  -' '-' -^  'i;= 

The  gas,  after  leaving  the  exhauster,  proceeds  to  the  <ri, 
engine  or  other  place,  where  it  is  desired  to  use  it  ^ 

THE  PRODUCER 

By  referring  to  Figs.  5  and  6.    and  Plate  III    which  show 

dTcerIt  wiuT  ''™"f  '':  Westinghouse  double  .one  pro 
ducer   .t  W.11  be  seen  that  the  producer  consists  of  two  zones 
he  upper  one  operating  on    the    down-draft  principTe    whlk^ 
the  lower  operates  on  that  of  the  up-draft 

There  are  three  distinct  air  entrances.   (See  Plate  III)  Th. 
air  entrance  on  the  right  hand  side  of  the  cover  of  ThV     ^ 
adn..s  air  to  the  chamber  fonned  by  tii^c^r  After  bei'ntprr 
heated  m  th.s  chamber,  the  air  passes  down  a  vertical  p'pe  'a 
hollow  annular  casting,  which  forms  the  vaporizer.    The  wa^er 
wh.ch  .s  kept  at  a  constant  level  in  the  vaporizer  at  abouTtwo 

!uel  bed.  which  m  their  passage  to  the  exit  are  compelled  to 
come  into  contact  with  the  walls  of  the  vaporizer 

I  he  air.  after  passing  over  the  water  of  the  vaporizer  and 
becoming  saturated  with  moisture,  may  proceed  toTher  tJe 
upper  or  lower  fue   bed.  according  to  whether  the  valves  In  the 
two  vertical  pipes,  leading  to  the  air  entrance-  of  the  upper  and 
lower  zones,  are  open  or  closed.     In  the  evei  t  of  the  temper 
a  ure  m  the  vaporizer  exceeding  that  due  to  the  boillg  Zn 
o    water  at  atmospheric  pressure,  this  air  inlet  canno^be  em 
ployed,  since  steam  will  pass  to  the  atmosphere  by  the  air  inT 
P.pe^  consequently,  instead  of  saturated  I  proc  elg  to  "he 
combustion  zone    steam  alone  will   leave  the  vapor^'r      No 
provision  for  preheating  the  air  in  this  manner  is  made  on  the 
producer  installed  at  the  Fuel  Te-.ing  Station,  since  the    op 
cover  .s  water,  instead  of  air.  cooled.     The  two  other  air  2 


.-.".  ^"^^:^- 


■^L'^^a^zff^fmwmcm 


I'LATK    III. 


V\Vsliiii;luni?.i',  (Kmhlo  zoik^  ;;,!.  |ii,.,|in  cr;    vmicil  -fciii.i; 


«^■■ 


■If? 


29 

trances  referred  to  are  situated  at  the  top  and  bottom  left  hand 
side  of  the  producer.  The  air  from  these  passes  directly  to  the 
fuel  bed,  and  the  quantity  desired  is  controlled  by  valves  placed 
at  the  respective  inlets.  By  regulating  the  ratio  of  the  air  received 
directly  from  the  atmosphere  to  that  passing  over  the  vaporizer 
the  quantity  of  steam  entering  the  producer  may  be  adjusted 
as  required.  The  air  admitted  to  the  upper  zone  has  free  acce=- 
to  the  full  area  of  the  upper  fuel  level;  the  air  admitted  to  t... 
lower  zone  passes  through  a  central  tuyere. 

It  is  often  found  convenient,  when  no  steam  is  being  used 
in  the  upper  zone,  to  leave  the  fuel  door,  at  the  top  of  the  pro- 
ducer, open  for  the  admission  of  air. 

The  producer  is  brick-lined  round  its  sides,  except  for  that 
portion  occupied  by  the  cast  iron  vaporizer.  The  upper  zone 
is  conircfsed  of  a  steel  shell,  between  which  and  the  brick  lining 
is  a  space  filled  with  sand.  The  lower  zone  of  the  producer, 
consists  of  a  steel  shell  lined  up  to  the  vapori_.r  with  fire-brick. 
The  lower  por  ■  m  of  this  zone  consists  of  a  cast  iron  truncated 
cone,  on  which  the  producer  proper  rests.  This  portion  is  water 
sealed,  as  shown,  and  is  supported  by  three  cast  iron  columns, 
which  rest  on  the  concrete  floor  of  the  basin  forming  the  water 
seal.  The  ashes  are  removed  from  the  water  seal  through  the 
space  between  the  bottom  of  the  producer  shell  and  the  floor  of 
the  water  basin. 

Poke-holes  are  provided  at  the  top  of  the  producer,  and 
above  the  vaporizer.  The  outside  diameter  of  the  upper  section 
is  less  than  the  inside  diameter  of  the  lower  section;  this  con- 
struction makes  the  lower  half  of  the  producer  entirely  acces- 
sible from  the  poke-holes  in  the  vaporizer.  Poking  may  also 
be  carried  on  through  the  fuel  entrance,  and  through  two  rows 
of  staggered  poke-holes  situated  at  about  the  level  of  the  tuyere 
of  the  lower  zone. 

DESIGNS  OF  THE  COMBUSTION  ZONE 

The  form  of  the  interior  of  the  producer  proper  may  be 
examined  by  reference  to  Figs.  6  and  :  Fig.  6  shows  a 
section  through  the  producer  itself,  and  Fig.  7  shows,  dia- 
grammatically,  the  area  of  the  fuel  bed  for  varying  depths  of 
fuel.     From  a  perusal  of  these  figures,  it  is  apparent  that  the 
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Fig.  6.     Westingh 


ouae  gas  producer:  vertical  .ection. 
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?^rl!°T'  .1™  "'  ""  '■"'  "^"  '•""'^  >»  the  fuel  descends 
through  the  upper  zone,  and  decreases  through  the  lowerTone 
The  producer  volume,  occupied  by  fuel,  abov"  the  ™"X' 
feee  F,g,^6  and  7)  Is  40  cubic  feet;  while  the  volun^e  meL'^' 
rom  nudway  between  the  lower  poke-holes  ,„ The  letS^f 
the  centre  Ime  of  the  gas  outlet,  is  100  cubic  feet 

.hi  J^aTTtriot^^-rsi-ut^e^t  X^'  T",  '"'■■ 
of  the  main  upper  fuel  bed  is  i„cS  lyLl^loZTtT 

z^i:!.::\:z  ^^;^vi:^  t^su:;-; 

a_co.,ngco^,  thereby  causing  a  more  unifo™"ow'thTug7.h1 
In  the  lower  zone  the  fuel  i,  being  continually  reduced  in 

pT'r;sT7„iim  r'""";' '""  "■'  -"■"»■>  -t:^. 
.theT::tnin;xi!^3trtet,ris'z':hi,?^Ts"s;i" 

win'lhrSf  blli^t  '^L""^'-'.  leaving  a'„aif™S 
oetween  the  fuel  bed  and  producer  walls.     It  would  aooear 

f^^u  suras^rr"^a:^^^^^  ^^^^^  --'  -^-^'^  ^- 

f.rf  J*!?  T^  ^^T^  °^  incandescent  fuel  in  the  producer  is  af- 

SSal"'rs-t'„fTfjs„-":ri£'- -;'f 
s.i«s.ir„t^ElT  ■■"  *' '°— °-  s°u;;:^'theT,rj 

gasincation  in  the  two  zones  to  remain  constant,  then    as  the 

^:m::T^z  %  '"^^^^^•.  ^  ^-*-  depth'oTbu^nL: 

o   ale  obce      A  ?.  "f  '"""  '^  '"^"''•^^  f^--  ^he  reactions 

£;s^jf=.s.iotfrnrs::srtr::ir.:.:TgaT 

the  lower  combustion  zone  depth  will  decreai 

ascertain^'hr'''^"  "^  ^  ^"^''  '"""  P''^^"^^^'  ^^  ^^  difficult  to 
ascertam  the  exact  ratios  of  gasification  in  the  two  zones  and  th^ 
depths  of  incandescent  fuel  therein.     The  resistlnceTthf  pJl- 
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sage  of  gas  through  the  two  zones  is  easily  measured  by  means 
of  water  gauges;  these  differences  of  pressure,  however,  are 
affected  by  the  condition  of  the  fuel  bed  as  well  as  by  the  velocity 
of  flow  of  the  gas,  so  that  they  only  give  an  approximate  idea  of 
the  relative  operation  of  the  two  zones.  In  trial  No.  39,  the  air 
supply  to  the  lower  zone  was  measured  by  observing  the  passage 
of  air  through  an  orifice  in  a  plate,  which  showed  that  53  pounds 
of  air  passed  to  the  lower  zone  per  hour;  and  that  the  total 
air  supply— computed  from  the  gas  analyses  and  meter  readings 
—amounted  to  317  pounds  per  hour,  which  would  show  that 
about  one-sixth  of  the  total  air  supply  was  taken  by  the  upper 
zone,  or  a  ratio  of  one  to  five;  while  the  resistance  of  the  upper 
fuel  bed  to  the  passage  of  gas  was  three  times  that  of  the  lower. 
In  the  future,  provision  will  be  made  for  determining,  directly, 
the  air  supply  to  both  zones. 

The  position  of  the  combustion  zones  in  the  fuel  bed  is 
likewise  difficult  to  determine,  the  level  of  the. top  of  the  com- 
bustion zone  in  the  top  zone  may  of  course  be  observed  directly; 
and  in  the  ca.se  of  the  lower  zone  an  effort  was  made  to  maintain 
the  position  of  the  combustion  zone  at  a  level  midway  between 
the  two  lower  rows  of  poke-holes.  How  far  these  zones  extend 
from  these  points  is  a  matter  for  conjecture. 

The  high  volatile  and  high  moisture  contents  of  the  lignites 
used  in  these  tests  rendered  it  necessary  to  perform  the  greater 
portion  of  the  work  in  the  upper  zone,  using  the  lower  to  reduce 
such  fuel  as  must  inevitably  be  entrained  with  the  ash  leaving 
the  upper  zone. 

While  the  area  of  the  lower  fuel  bed  is  greater  than  is 
actually  necessary  from  thee  tical  considerations  for  lignite 
fuels,  a  practical  advantage  of  its  increased  diameter  is  that 
poking  round  the  annulus  is  rendered  easier,  as  has  already  been 
pointed  out. 


Purification  of  the  Gas. 

A  baffle  plate  is  placed  in  t'le  gas  offtake,  to  serve  the  pur- 
pose of  removing  the  heavier  particles  of  tar,  dust,  etc.,  which 
may  be  carried  over  by  the  gas  .rom  the  producer. 


34 

THE  WASHER 

The  gas  washing   apparatus    is   shown    in    Plate  IV      U 

XZr-1  1r'  '■""•  '"'  '^  ^'^'^'^  "^  horizontal  dia- 
phragms ,nto  three  compartments.  Before  entering  this 
washer,  the  gas  is  cooled  and  cleaned  to  some  extent  bv  means 
of  a  senes  o  water  sprays,  admitted  at  several  poinLXg 
he  vertK^l  p.pe.  After  leaving  the  vertical  pipe,  th^gas  enter^ 
the  washer  beneath  a  cast  iron  bell,  the  lower^dge  of  whici  " 

neatTSf  '""^T  .  -^"V^"''"^  °"^"^^^^  ^^^  ^"'e  bell  and  J 
metal  Itr  ?he  "  7  '''  --P-tment  is  a  finely  perforated 
metal  plate.  The  gas  forces  its  way  under  the  edge  of  the  bell 
and  passes  up  through  the  perforated  plate;  by  so  doing  the  ga^ 
forms  a  senes  of  small  bubbles.  These  bubbles  pass  up'throug^ 
about  one  ,nch  of  water.  The  same  operation  is  re^^ated  for 
the  two  other  sections  of  the  washer.  Water  is  intrSuced  bv 
means  of  spray  nozzles  as  shown,  and  the  overflow  from  the  top 
compartment  passes  into  the  middle  compartment  through  the 

Se  Shhi  "'  '''  "^'^  ^"^^  *^'«^  'h^  «^  -tlet.     From 

the  middle  compartment  the  water  overflows  into  the  lowe^ 
compartment  through  a  similar  connexion    shown  on  the  Ht 
From  the  bottom  compartment  it  passes  out  through  the  water 
sealed  waste  pipe  shown  at  the  right  ^ne  water 

r^r(^7j'f^  1"^'^  °^  ^^'''  '"^y  ^  maintained  over  the 
perforated  plates,  by  means  of  adjustable  weirs 

After  leaving  the  washer,  the  gas  enters  a  simple  form  of 
water  separator  which  is  not  shown  in  the  illustration. 

PRODUCER  TRIALS. 
Tofield  Lignite— Trials  Nos.  38,  39,  and  44. 

39  in  the  Westmghouse  producer,  and  trial  No.  44  in  the  Kortine 

trouhl      U    U^  "^  '''  ^^'  ''"^'^^  "'^h  ^"'''    this  was  the  orJy 

A"?  a"  S  ""T?f  u  *''.  ^'°^*^°'"«  °f  -y  «f  the  trials' 
Irull^o.  39  was  of  72  hours'  duration  and  the  producer  was 
operated  at  a  slightly  greater  rate  of  gasification  than  No  T 
The  efficiency  of  the  latter  trial  was  about  five  per  cent  greater 
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than  for  trial  39,  which  is  due  to  the  greater  quantity  of  hydrogen 
and  hydro-carbons  present  in  the  r;is  a>  is  shown  by  the  gas 
analyses.  Since  the  ratio  of  the  resistance  of  the  upper  to  the 
lower  fuel  bed  during  trial  38  was  greater  than  in  trial  39,  it  is  like- 
ly that  a  greater  jK)rtion  of  the  total  gas  produced  was  formed 
in  the  upper  zone  than  for  trial  39. 

The  fuel  clinkered  to  some  extent  in  lx>th  tests;  but  this 
oflfercd  no  real  difficulty  to  the  operation  of  the  producer. 

In  both  trials  the  resistance  to  the  flow  of  gas  through  the 
upper  zone  was  high  while  the  temperatures  of  the  final  gas, 
as  determined  at  the  gas  offtake,  was  approximately  the  same. 
The  high  resistance  observed  in  the  upper  zone  is  due  to  the 
finely  divided  condition  which  the  fuel  sissumed  after  being 
subjected  to  heat. 

J  ial  No.  44.  An  examination  of  the  results  of  this  test, 
which  was  conducted  in  the  Korting  producer,  shows  a  marked 
difference  to  those  of  the  two  trials  carried  out  with  the  same 
fuel  in  the  Westinghouse  producer.  A  comparison  of  the 
analyses  of  the  gases  produced  in  trial  44  with  those  of  trials 
38  and  39  will  show  that  the  carbon  monoxide  has  increased, 
while  th«  hydrogen  and  carbon  dioxide  have  decreased.  This 
has  caused  an  increase  in  the  heating  value  of  the  gas.  The 
increase  in  the  carbon  monoxide  indicates  that  a  higher  tempera- 
ture existed  in  the  reaction  zone.  This  is  further  borne  out  by 
the  higher  temperature  of  the  escaping  gases.  No  steam  from 
an  external  source  was  admitted  to  the  lower  zone. 

The  quantity  of  tar  per  cubic  foot  of  the  final  gas  was  much 
higher  for  this  trial  than  for  the  two  former  trials,  which  shows 
that  the  Westinghouse  prcxlucer  delivers  a  cleaner  gas.  The 
lo'./er  efficiency  may  be  principally  accounted  for  when  the  rela- 
tive quantities  of  carbon  charged  and  carbon  in  the  gas  are  com- 
pared in  the  summary  of  results.  From  these  results  it  will 
be  seen  that  the  former  is  much  in  excess  of  the  latter,  which 
indicates  that  the  low  efficiency  is  due  to  inconsumed  fuel, 
i.e.,  carbon  is  contained  in  both  the  tar  and  the  ash,  which  of 
course  will  not  be  accounted  for  in  the  purified  gas. 
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Rosedale  Coal— Trials  Not.  40  and  43. 

Two  trials  were  carried  out  on  this  fuel,  trial  No.  40  in  the 
Westinghouse  producer  and  No.  43  in  the  Kiirting. 

Trial  No.  40.  The  fuel  during  this  trial  gave  very  little 
trouble-  in  the  pnxlucer,  and  the  gas  was  of  high  calorific  value, 
which  is  due  to  the  high  percentages  of  hydrogen  and  carbon 
monoxide  contained  in  the  gas.  These-,  in  fart,  wort-  higher 
during  this  trial  than  for  any  of  the  o-.'ier  trials  carried  out  in 
the  Westinghouse  producer.  The  higher  heating  value  of  the  gas 
was,  however,  accompanied  by  a  greater  quantity  of  tar  in  the 
gas  than  in  the  other  trials.  The  suction  on  the  producer 
was  lower  than  for  any  other  trial  with  the  Westinghouse 
producer  in  spite  of  the  fact  that  the  rate  of  gasification  was 
high.  This  was  principally  due  to  the  fact  that  the  fuel  did  not 
pack  so  closely  as  the  others,  since  its  physical  character 
was  the  least  affected  by  heat;  hence  it  did  not  disintegrate  into 
finely  divided  particles. 

The  fuel  was  very  easily  manipulated  in  the  producer  and 
the  only  unsatisfactory  characteristic  of  the  trial  was  the  high 
percentage  of  tar  in  the  gas.  However,  this  in  noway  rendered  the 
operation  of  the  engine  difficult. 

Trial  No.  43.  During  this  trial  Rosedale  coal  was  gasified 
in  the  Korting  producer.  As  in  the  previous  trials  conducted 
with  this  producer,  the  carbon  monoxide  content  of  the  gas  is 
higher  than  that  of  the  gas  produced  from  the  same  fuel  when 
burned  in  the  Westinghouse  producer.  The  calorific  value  of 
the  gas,  however,  is  less  for  this  trial  than  for  trial  No.  44, 
in  which  the  Korting  producer  was  used,  and  the  thermal  effici- 
ency of  the  producer  is  nearly  twenty  per  cent  lower  than  for 
trial  No.  40.  The  total  combustible  charged  amounted  to  750 
lbs  ,  of  which  140  lbs.  was  removed  with  the  ash  from  the  grates. 
This  means  that  only  four-fifths  of  the  fuel  was  consumed, 
which  accounts  for  the  low  producer  efficiency.  No  difficulties 
whatever  were  encountered  in  the  oper-xtion  of  the  producer, 
and  the  engine  ran  well  on  the  gas  produceo. 
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Gainford  Coal— Trials  No.  42  and  45. 

Trial  No.  45  was  conducted  with  the  VVestinghouse  pro- 
ducer, while  for  trial  No.  42,  the  Korting  producer  was  employed. 

For  trial  No.  45,  the  efficiency  and  quantity  of  gas  produced 
were  very  similar  to  that  obtained  with  Roscdalc  coal.  A 
comparison  of  the  proximate  analyses  of  the  tv.o  fuels  also 
shows  great  similarity,  so  analogous  results  might  wdl  he  expected. 
There  is,  however,  a  marked  difference  in  the  cleanliness  of 
tiiv.' gas  produced  from  the  two  fuels;  the  Gainford  coal  produced 
only  9-1  grams  of  tar  per  1000  cubic  feet  of  uncleaned  gas,  while  for 
that  of  the  Rosedale  coal  the  tar  content  was  23-4  grams  per 
1000  cubic  feet.  The  resistance  of  the  fuel  beds  to  the  passage  of 
gas  was  low — but  the  ratio  of  the  resist  ince  of  the  upper  zone 
to  that  of  the  lower  zone  was  very  hijjh.  This  indicates  that 
either  the  rate  of  gasification  in  the  upper  zone  was  high  or 
that  the  resistance  of  the  fuel  in  that  zone  was  greater.  It  is 
probable  that  the  incandescent  fuel  zone  was  deeper  during 
this  trial  than  in  trial  No.  40,  on  Rosedale  coal,  which  would 
account  for  the  lower  tar  content  of  the  gas  with  this  coal. 

Trial  No.  42,  conducted  with  the  Korting  producer,  again 
showed  that  the  gas  produced  contained  a  higher  percentage 
of  carbon  monoxide  and  lower  percentage  of  carbon  dioxide 
and  hydrogen  than  in  that  obtained  from  the  same  fuel  when 
gasified  in  the  Westinghouse  producer.  The  calorific  value  of 
the  gas  for  both  trials  was,  however,  the  same.  The  tar  present 
in  the  gas  was  very  high,  and  although  after  cleaning  it  still 
contained  12-6  grams  per  1000  cubic  feet,  this  did  not  interfere 
with  the  successful  operation  of  the  gas  engine. 

The  quantity  of  refuse  removed  amounted  to  514  lbs. 
(dry)  of  which  161  lbs.  were  ash  and  353  lbs.  combustible  matter. 
The  fuel  charged  contained  165  lbs.  of  ash  and  1469  lbs.  com- 
bustible. The  ratio  of  combustible  consumed  to  combustible 
charged,  or  (1469-353)  to  1469,  is  therefore  0-76,  and  the  effi- 
ciency of  the  producer  based  on  combustible  consumed  is  45 
per  cent,  which  is  very  low. 

The  fuel  clinkcred  badly  during  this  trial,  and,  therefore,  is 
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not  suitaMe  I'nr  tliis  type  of  producer  without  an  arrangement 
being  providfil  tor  ad.nitling  steam  to  the  hnver  zone. 


Cardiff  Colliery— Trial  No.  46. 

In  trial  \o.  46,  c(-al  from  the  Cardiff  Colliery  was  gasi- 
fied in  the  Westinghousc  producer.  This  fuel  required  consider- 
able attention,  owing  to  its  tendency  to  clinker  and  adhere  to 
the  lining  of  the  producer.  For  this  reason,  it  is  doul'tftd  whethi  t 
the  trial  could  have  been  prolonged  20  or  30  hours  longer.  In 
spite  of  its  high  moisture  content  (20  per  lent)  it  is  prf)bable 
that  the  admission  of  steam  to  the  upper  fuel  zone  would  have 
improved  the  behaviour  of  the  coal,  at  least  in  so  far  as  regards 
clinkering.  The  resistance  of  the  upper  fuel  bed  was  high  and 
the  exit  temixrature  of  the  gas,  at  the  offtake,  was  higher  than 
for  any  of  the  other  trials  carried  out  with  the  Westinghoiise 
producer,  except  that  of  tri;i!s  47  (Twin  City)  and  56  (Pembina). 

Tiie  analysis  of  the  gas  showed  a  fairly  low  percentage  of 
carlxm  monoxide  and  a  high  percentage  of  h>-drogcn.  The 
content  of  tar  per  cubic  foot  was,  however,  exceiitionally  low. 

The  high  efficiency  of  this  fuel  based  on  the  coal  as  charged 
is  discounted  by  the  figures  showing  that  the  carlxm  lea\ing 
as  gas  per  hour  is  greater  than  that  charged.  The  ratio  of  carljon 
in  gas  to  cartwn  charged  is  1-07,  cmd  if  the  efficiency  quoted 
(71 -8  per  cent)  be  reduced  propurtionately  to  this  amount,  an 
efficiency  of  alxjut  67  i>er  cent  will  result. 


Twin  City  Coal— Trial  No.  47. 

Only  one  trial  (\o.  47)  was  run  with  this  fuel.  As  with 
the  Cardiff  coal,  considerable  troul>le  was  experienci'd  with  clink- 
ering. Tliesc  clinkers  formed  rings  near  the  top  and  round  the 
vaporizer,  wliich  proved  \ery  difficult  to  break  up. 

An  "xamiiiation  of  the  fuel  bed  resistances  indicatis  that 
the  prop>>rtion  of  fuel  burned,  in  the  lower  zone  (hiring  this 
trial  was  greater  than  in  any  of  the  other  trials  on  this  type 
of  producer.  From  a  comparison  of  this  trial  with  thi'  f)ther 
triads  carried  out  with  the  Westingliouse  producer,   it  will  be 
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seen  that  the  ammonia,  carbon  dioxide,  and  hydrogen  contents 
of  the  gas  were  the  lowest;  while  the  temperature  of  the  gas 
leaving  at  the  offtake  was  the  highest.  From  this  it  is  obvious 
that  too  high  a  temperature  prevai'.'.'d  in  the  producer  and  that  a 
better  gas  would  have  resulted  with  the  admission  of  more  steam. 
It  will  be  observed,  also,  that  the  gasification  of  the  fuel  was 
carried  on  at  a  greater  rate  thtin  in  the  previous  tests,  to  which 
may  be  partly  attributed  the  high  temperature.  The  gas 
during  this  test  was  clean. 

The  thermal  efficiency  of  the  producer  was  low,  which 
may  be  attributed  to  the  insufficient  supply  of  steam  to  the 
lower  zone,  or  to  too  small  a  rate  of  gasification  in  the  upper  zone. 


Pembina  Coal— Trial  No.  56. 

Pro<iucer  trial  No.  56  was  run  continuously  from  April 
29  to  May  2,  1914,  on  a  commercial  sample  of  coal  re- 
ceived from  the  Pembina  Coal  Co.  of  Alberta.  The  gas  pro- 
ducer employed  for  this  test  was  the  VVestinghouse  double  zone 
type.  The  producer  was  operated  continuously  for  several 
hours  before  *  he  official  test  was  begun.  The  actual  test  covered 
a  period  of  72  hours  which  together  with  the  period  the  producer 
was  operated  previously,  made  the  actual  time  of  continuous 
operation  on  Pembina  coal  over  100  hours. 

During  the  major  portion  of  the  test,  the  gas  engine  was  run 
on  the  producer  gas  generated  in  order  to  determuie  the  -uitabil- 
ity  of  this  gas  for  power  purposes.  The  results  showed  conclu- 
sively that  this  lignitic  coal  was  admirably  suited  for  the  generation 
of  a  power  gas  in  a  gas  producer  of  this  type.  No  difiicuhies 
from  clinkers  or  irregularities  in  the  calorific  power  of  the  p.is 
were  observed  and  the  suctions  in  the  different  parts  of  the  pro- 
ducer were  remarkably  uniform  and  unusually  low  throughout 
the  test — one  reading  only  during  the  entire  trial  showed  a  suc- 
tion greater  than  six  inches. 

The  manipulation  of  the  producer,  when  burning  this  coal, 
offers  no  difficulties  whatever;  the  fuel  feeds  rrjularly  and  little 
or  no  poking  is  rec|uired.  This  is  in  large  part  due  to  the  ab- 
sence of  the  formation  of  clinkers.     The  gas  generated  was  not 
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only  very  uniform  as  regards  iis  chemical  composition  and  heat- 
ing value  but  was  particularly  free  from  tar  or  even  lamp  black. 

Plate  V  shows  a  series  of  tar  cards  taken  at  the  beginning 
of  the  trial  and  at  regular  intervals  thereafter  until  the  con- 
clusion of  the  trial.  Card  No.  1  is  of  a  yellowish  colour,  con- 
tains considerable  tar  and  oily  matter;  card  No.  2  is  of  a  greyish 
yellow  colour,  contains  less  tar  and  oil,  but  shows  traces  of  lamp 
black.  Cards  3  and  4  are  very  nearly  free  from  tar  and  oil, 
but  contain  considerable  lamp  black.  Cards  5  and  6  taken  near 
the  end  of  the  trial  contain  nothing  but  lamp  black.  These 
series  of  cards  show  that  the  producer  was  gradually  approach- 
ing its  proper  condition  and  that  the  gas  was  practically  tar  fri.e 
when  the  last  two  cards  were  taken. 

The  thermal  efficiency  of  the  process  of  gasification  was  not 
determined  on  account  of  an  sccident  to  the  anti-pulsator  during 
the  trial.  This  anti-pulsator  is  interposed  between  the  gas 
meter  and  the  gas  engine  and  serves  the  purpose  of  minimizing 
the  effect  of  the  pul'Jtions  of  the  gas  engine  upon  the  meter 
readings.  For  this  reason  it  is  quite  impossible  to  state  with 
any  degree  of  accuracy  the  efficiency  of  the  producer  during 
the  trial.  The  analyses  of  the  gas  produced,  however,  show 
conclusively  that  the  efficiency  was  not  less  than  60  per  cent — 
assuming  the  condition  of  the  producer  to  be  the  same  at  the 
beginning  and  end  of  the  test.  The  efficiency  above  stated  was 
c;i!rulatedonthe  lower  calorific  power  of  the  gas.  It  is  quite  prob- 
able that  the  actual  efficiency  would  have  been  much  higher  than 
60  per  cent. 

The  following  table  sets  forth  some  of  the  more  important 
results  of  the  test: — 
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Summary  of  Results  of  Gas  Producer  Trial  56. 

Date  of  trial:  April  29  to  May  2,  1914. 

Duration  of  trial:  72  hours. 

Fuel :  run  ot  mine. 

Source  of  fuel:  Pembina  Coal  Co.,  Ltd. 

Producer:  VVestinghouse  double  zone. 


I'LATi;   V. 


Tar  cards  taken  during  the  trial  on  I'tnibina  lignite. 
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Proximate  analysis  of  fuel  as  charged. 

Fixed  carbon Per  cont 

Volatile  matter •<       " 

Ash «      « 

Moisture "       " 


43-9 
276 
10-3 
18-2 


Calorific  values  of  fuel. 

Fuel  as  charged,  B.T.U.  per  ll> 8,930 

Dry  fuel  «  «     "     10,910 

Average  pressures  and  temperatures. 
Suction  at  upper  entrance  to  producer.  Inches  of  water 


"  lower 

producer  exit 


u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

30 
2-3 
4-4 
12-5 
2-9 
510 


"  leaving  scrubber 

Pressure  leaving  exhauster 
Temperature  of  gr.s  leaving  producer,  °F 

Total  fuel  charged. 

Fuel  as  charged  during  trial,  lbs 12,727 

Dry  fuel  charged    "         '*       "      ....  10,410 

Quality  of  gas. 
Analysis  by  volume,  (continuous  sampling) 

Carbon  dioxide     Per  cent \\.^ 

16-1 

19-0 

1-5 

0-1 

0-7 

50-9 

36-7 


Carbon  monoxide  "       "     

Hydrogen  "       "      

Methane  "       "     

Ethylene  «       « 

Oxygen  "       "      

Nitrogen  «       «     

Inflami.  ible  gas     "       "     

Caloniio  value  from  analysis,  gross,  B.T.U.  per  cubic  foot. .  .    129 
«  "        "  «  net         "         "       "       «...    118 

Tar  in  uncleaned  gas,  grams  per  1,000  cu.  ft 9-5 

"     "  cleaned        "         «        «         «       «".. 2-7 

Nitrogen  (as  ammonia)  in  uncleaned  gas,  grams  per  1,000 

cu.   ft 23-2 
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Fuel  charged  per  hour. 

Fuel  as  charged,  per  hour,  lbs 177 

Dry  fuel  charged  per  hour,  "    145 

Poking  and  fuel  level. 

No.  of  times  fuel  was  poked 10 

Average  height  of  upper  fuel  level   above   centre  line  of 

gas  outlet 6'-l" 

Practical  Value  of  the  Gas  Produced. 

The  gas  produced  from  the  several  lignites  tested  was  used 
in  the  gas  engine  in  order  to  ascertain  its  suitability  for  th- 
production  of  power.  The  gas  engine  employed  for  this  purpose 
was  of  only  60  B.H.P.,  while  the  capacity  of  the  producer  was 
consideral '.y  greater.  Only  i  portion  of  the  gas  generated 
could,  therefore,  be  used  in  this  manner. 

In  every  case  the  engine  operated  satisfactorily,  although 
in  certain  cases  the  calorific  value  of  the  gas  was  rather  low.  The 
principal  fact  to  be  considered  is  the  cleanliness  of  the  gas.  The 
quantity  of  tar  and  solid  matter  after  leaving  the  wet  scrubber 
was  of  so  small  an  amount  that  no  trouble  was  experienced  from 
the  deposition  of  tar  on  the  valves,  piston  rings,  and  cylinder. 
As  a  matter  of  fact,  the  engine  could  be  run  for  an  indefinite 
period  before  the  necessity  for  cleaning  the  various  moving 
parts,  exposed  to  the  flow  of  gas,  would  arise.  Therefore,  the 
gas  generated  in  this  type  of  producer  from  those  lignites  tested 
is  eminently  suited  for  power  purposes. 

The  value  of  the  gas  for  steam-raising  or  for  the  generation 
of  heat  for  industriil  purposes  was  not  investigated.  It  is, 
however,  quite  probable  that  no  difficulties  would  arise  were  the 
gas  to  be  utilized  for  such  purposes. 

It  will  be  noted  that,  in  the  summary  of  results,  values  have 
been  given  showing  the  consumption  of  fuel  per  B.H.P.  hour. 
1  hese  values  are  all  based  on  the  performance  of  an  engine,  the 
overall  efficienc  of  which  is  25-45  per  cent,  i.e.,  which  has  a 
heat  consumption  Oi  10,000  B.T.U.  per  hour  per  B.H.P.  devel- 
oped. This  heat  consumption  is  representative  of  the  average 
performance  of  a  well  designed  gas  engine,  when  it  is  operated 
in  the  vicinity  of  its  rated  load. 
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Conclusions. 

The  results  of  the  trials  show  that  all  the  lignites  tested  were 
eminently  suited  for  the  production  of  gas  when  burned  in  the 
gas  producer.  The  operation  oi  the  producer  in  no  case  pre- 
sented serious  difficulties,  although  some  trouble,  in  certain  of  the 
trials,  was  experienced  from  clinkering.  The  majority  of  the 
lignites,  however,  were  remarkably  free  from  components  giving 
rise  to  the  formation  of  clinkers.  Steam  admitted  into  the 
upper  zone  would  very  likely  reduce  the  tendency  to  clinker; 
but  whi'n  no  provision  for  the  introduction  of  steam  is  provided, 
careful  poking  will  have  to  be  resorted  to  when  the  lignites 
utilized  [iroduce  bad  clinkers.  Throughout  the  trials,  which  were 
of  long  duration,  the  gas  was  remarkably  uniform  in  chemical 
composition  and  free  from  tar  or  solid  matter  such  as  dust. 

No  trouble  whatever  was  experienced  fnmi  tiie  burning  of 
the  gas  in  a  gas  engine,  and  these  lignites  may  therefore  be  said 
to  be  I'mineiuly  suited  for  the  production  of  power  in  tjiis 
manner. 

Thi'  labour  required  for  the  operation  of  a  producer  and  gas 
engine  of  the  capacity  employed  during  the  tests  is  very  small. 
One  operator  when  properly  trained  would  prove  sufficient  to 
handle  such  a  plant  per  shift. 

Tiie  (luantity  of  cooling  water  required  to  clean  and  cool 
the  gas  is  not  excessive,  and  on  account  of  tlie  small  amount  of 
the  by-products  carried  away  with  the  water  leaving  the  scrub- 
ber, no  trfKible  should  be  experienced  in  sufticiently  cleaning  the 
water  for  use  over  and  o\er,  in  case  the  supply  of  v.atcr  is  a 
serious  matter. 

In  certain  of  the  lignites,  the  nitrogen  content  is  sufficiently 
lii.uli  to  make  its  recovery  as  ammonia  or  ammonium  sulphate, 
under  favourable  circumstances,  prmitable. 

It  has  been  shown  that  a  slacked  lignite  behaves  exceedingly 
well  when  l)nrne(l  in  the  gas  producer  and  that  the  cheaper 
gr.KJcs  can  therefore  be  utilized  for  the  production  of  gas  and 
power. 
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PART  II. 

BOIIJCR  TKSTS. 

BY 

John  Blizard. 

onji:cT  OF  rF-srs. 

The  boiler  tests  (lcscril)e(l   in    this  report   were   ronclucted 
for  the  purpose   of   ascertaining   the   eoinmcrcial   value   of   the 
dilTerent  hgniti.-  and  other  coals  listed   for  steam-raising.     In 
order  to  establish  many  important  factors  concerning  the  com- 
mercial value  of  any  fuel  for  steam-raising,  an  investigation  of 
ihis  nature  should  not  be  limited  to  a  single  test,  or  ..ul\  a  few. 
but  to  a  large  number,  in  which  the  rate  of  steaming,  ratio  of 
heating  surface  to  grate  smface,  size  of  combustion  chamber, 
air-space  in  grate  bars,  thickness  of  fuel  bed,  and  manv  other 
factors  might  he  varied.     In  these  tests,  however,  the  (luantity 
of  each  fuel  available  for  such  investigation  limited  the  number 
of  tests  which  could  be  made  with  each  fuel,  so  that  one  trial 
only  was  comlucted  with  each.     This,  of  course,  precluded  any 
possibility  of  altering  the  boiler  and  furnace.     In   the  several 
tests  made  with  the  lignites,  obtained  from  different  localities, 
an  effort  was  made  to  keep  the  rate  of  steaming  constant.    The 
fuel  was  fired  by  hand  throughout,  and  the  thickness  of  fuel  bed, 
and    frequency  of   firing   were   adapted   to  suit    the   fuel   Ining 
burned.     These   tests,    therefore,    serve   to   comixire    the   boiler 
efficiencies  obtained  with  different  fuels  for  a  particular  rate  of 
heat  transmission,  method  of  firing,  grate  setting,  etc. 

The  data  obtained  from  ihese  tests,  therefore  will  prove  of 
value  to  tho.se  industries  dependent  on  the  various  fuels  found 
m  the  western  provinces,  when  selecting  a  fuel  to  generate 
steam  at  the  lowest  cost. 

An  examination  of  the  results  herein  set  forth  will  show 
that,  in  some  cases,  it  v.oiild  prove  feasible  to  increase  the  r.iiio 
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of  heating  surface  to  grate  surface  for  one  fuel  as  compared  with 
another,  in  the  proposed  design  of  a  boiler  plant  intended  to 
burn  exclusively  such  a  fuel.  Again,  observations  concerning 
the  behaMourof  the  fuel  would  suggest  that  some  form  of  shaking 
grate  might  be  employed  to  advantage  in  certain  instances 
thereby  rendering  possible  the  removal  of  ashes  from  the  fuel 
bed  without  opening  the  fire  door,  consequently  reducing  heat 
losses  anrl  inconvenience  in  handling. 

Tlu  above  examples  will  serve  to  point  out  that  the  fuels 
employed  in  these  tests  must  not  }ye  compared  solely  on  their 
merits  as  fuels  for  t-team-raising,  but  that  other  closely  related 
conditions  which  obtained  during  the  trials  must  be  examined 
and  considered  in  relation  to  th-  proposed  plant  for  which  the 
most  suitable  fuel  is  to  be  chosen. 


Method  of  Conducting  Tests. 

Preliminary  measures.  All  valves  and  fittings  were  care- 
fully examined  for  leakage  during  a  preliminary  run  of  the  boiler 
the  day  before  the  trial  was  begun.  The  fires  were  banked 
overnight  at  the  termination  of  this  run.  The  following  morning 
the  boiler  was  again  run  for  on-  hour  and  a  half  before  starting 
the  trial  proper,  for  the  purpose  of  bringing  the  brick  work, 
casings,  etc.,  to  the  working  temperature.  The  boiler  tubes 
were  thoroughly  cleaned  of  any  soot  by  a  steam  blast  about  one 
hour  before  the  trial  proper  was  started. 

Duratum  of  trial.  The  trial  should  be  of  such  duration, 
that  the  error  arising  from  misjudgment  of  the  quantity  of 
unbiirnt  fuel  on  the  grate  bars  is  reduced  to  a  negligible  quantity. 
An  error  of  one  inch  in  judging  the  thickness  of  the  fire  in  the 
present  case  would  mean  a  possible  error  in  the  coal  consumed 
of  about  two  ci  c  feet,  therefore,  if  the  weight  of  green  coal 
which  will  form  .uie  cubic  foot  of  incandescent  fuel  is  taken  as 
25  lbs.,'  an  error  of  50  lbs.  would  be  involved,  or  one  per  cent 
for^ total  fuel  consumption  of  5,000  lbs.;  the  error,  however, 

TrJ^^,h^ZJ,\°','^'  ,^°""""«,™  Tabulating  the  R«ulta  of  Steam  Engine  and  Boiler 
Tr  a,,,  the  Inn.t^t.on  of  Civ.l  Lu..ineer3.  Vol.  CXCV.  p.  271.  This,  report  sugEcsts  20  lbs 
of  large  coal  and  30  lbs.  for  small  slack  per  cubic  foot  of  incandescent  fuel 
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may  easily  amount  to  twice  this  amount,  nr  2  per  cent  In 
order  to  minimize  such  error,  the  trials  were  conducted  for  a 
penod  of  12  hours,  or  2  Iiours  longer  than  the  previous  series 
carried  out  at  McGill  University,  under  the  auspices  of  the 
Mmcs  Branch  of  the  Department  of  Mines. 

Fig.  8  has  been  prepared  to  show  the  variation  in  the  ratio 
of  the  water  e%-aporated  to  the  coal  charged,  during  the  final 
n  hours  of  trial  51.  In  this  diagram  the  vertical  distances 
are  proportional  to  the  logarithm,  of  the  numbers  denoted  at 
the  side. 

The  ordinates  of  curves  A  and  C  are  proportional  to  the 
logarithms  of  the  quantities  of  water  evaporated  and  coal 
fired,  while  the  ordinates  of  curve  B  are  equal  to  the  distances 
between  curves  A  and  C.  It  will  be  seen  that  cur^'e  B  repre- 
sents Log.  A  -  Log.  C  =  Log  A,  or  the  logarithm  of  the  pounds 
of  water  evaporated  per  lb.  of^fuel  fired.  The  undulations  of 
curve  B  are  caused  principally  oy  the  change  of  composition 
and  thickness  of  the  fuel  bed. 

It  will  be  noticed  that  the  greatest  variations  occur  at 
or  near  the  times  of  slicing  or  cleaning  fire..  Such  changes  are 
to  bo  accounted  for  by  the  fart  tha. ,  when  it  has  been  decided  to 
slice  or  clean  the  fire,  no  fresh  fuel  is  charged  for  some  little  time 
before  doing  so,  while  the  actual  operation  is  carried  out  with  open 
hrc-doors.  This  permits  an  inrush  of  air,  which  cools  the  boiler 
buch  operations  as  these  affect  the  working  of  the  boiler  and  the 
ultimate  result  of  the  trial.  It  is  important,  therefore,  that 
during  a  trial  the  fires  should  be  cleaned,  when  possible,  at 
regular  intervals,  and  at  such  times  that  the  conditions  of  clean- 
ing and  slicing  are  properly  representwl  in  the  trial. 

Slartirtg  and  stopping  the  trial.  About  half  an  hour  before 
commencmg  the  trial,  the  fire  was  carefully  cleaned,  and  stoking 
was  carried  out  in  such  a  manner  that,  at  the  time  of  starting 
the  trial,  the  grate  was  co%cred  with  a  bed  of  thin  fuel,  the  thick- 
ness and  condition  of  which  could  be  easily  juc'ged.  At  the  same 
moment  that  the  thickness  and  condition  of  the  fire  were  esti- 
mated, observations  were  taken  of  the  water  levels  in  the  boiler 
and  feed  tank. 


5,? 

rnrr.I^'' ■''^^T'  "^T  '^^'^■^"">'  ^'*''''""'  immcdiatclv  before 
commcncng  the  tnal.  To  l,rin«  the  trial  to  a  conclusion  he 
above  prtx-edurc  was  repeated.  conclusion,  the 

Coal    consumptw,,.    ash    and    refuse    removed.     Coal    was 
weighed  ot.t  in  lots  of  approximatelv  150  lbs.,  and  wh  n  Tht 
quantity  of  coal  had  I.en  fired  the  time  was  not    1      A^  .1 

andthcn   slaked     wh.ie   that   ^-moved     from   the   ash-pit    was 
also  weighed  at  the  end  of  the  trial 

Samplir,,.  Before  the  trial,  the  whole  of  the  coal  was 
sampled,  and  sent  to  the  chemical  laboratory  for  analvsis  and 
cajonmeter  tests.     The  ash  and  refuse  was  also  sampled  and 

Feed-waler.     All   the  feed-water  was  weighed   in  a  t.nk 
rom  wh    „  .,  ,       ^  ^^^„^,  ^^^^^^^^^^^  feecbtank;   fron   this 

the  feed  pumps  delivered  directly  to  the  boiler.  The  bo  ler 
gauge  glas.was  graduated  to  show  at  any  moment  the  quant  ty 
of  water  in  the  boiler.  Observations  of  the  quantitv  J  wa  er 
evaporated  were  made  every  fifteen  minutes  These  obslrvt 
ions  were  used  to  regulate  the  rate  of  working  of  the  boS  to 
the  prearranged  load  of  2,000  lbs.  of  steam  per  hour 

minules*:  '""^""'"^^  ^^  ''''  ^'■'''  ^-'"  ^as  read  every  fifteen 

served^ ''^  "^'  ''T'     '^^''  ^''''  ^"^^^^^^  "^  ^^e  steam  was  ob- 

erved  by  means  of  a  throttling  calorimeter.     Marks  &  Davrs' 

steam  tables  were  used  for  the  calc,.;,..tions  involved.     The  steam 

pressure  was  observed  by  means  of  a  Dewrance  pressure  gang" 

bt::- h::::r  -"-  ^  -''-'-'  ---  --  -^  ^--^  - 

in  .t^""-^''  .  ^^'^  ''"'''"'■''   "^^^  Observed   below   the  grate-bars 
m  the  combustion  chamlK-r,  and  in  the  flue  leaving  the  boHer 
Sloping  gauges,   oi   the  Schae.Ter   &   Budenberg  type    readin. 
to  one  hundredth  of  an  inch,  were  used  f.r  these' masurements' 
Flue  temperature.     The   temperature  of  the   ffue  gas  wS 

pyromTt  r"  The   t  ^'^  '°"''^-  '''  "'''"''  ""'  ^  ^"^^«'  ^'^ 
pyrometer.     The   temperature  recorded   is  that  of   the  gas  in 
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Sampling  and  analysis  of  flue  zases.  The  sample  was  taken 
from  the  centre  of  the  flue  leaving  the  Iroiler,  through  a  hard 
glass  tube  encased  in  a  wrought  iron  pipe.  In  trial  51,  the 
samples  for  complete  analysis  were  taken  intermittently.  In 
addition  to  the  intermittent  sampling,  a  further  piece  of  ap- 
paratus was  used  in  this  test  to  indicate  the  percentage  of  cailwn- 
dioxide  contained  in  a  sample  taken  continuously  over  a  long 
perifxi.  This  latter  method  involved  the  use  of  two  meters, 
the  first  one  oi  which  measured  the  gas  as  it  issued  from  the  flue. 
On  leaving  the  first  meter,  the  gas  was  passed  through  a  solu- 
tion of  caustic  p<itash,  after  which,  being  depleted  of  carbon- 
dioxide,  it  was  measured  in  the  .second  meter.  The  difference 
between  the  two  meter  readings  for  the  same  period  showed 
the  quantity  of  carbon-dioxide  extracted.  The  meter  readings 
were  then  corrected  for  inaccuracy  and  differences  of  pressure 
and  temperature:  separate  tests  were  made  in  order  to  compare 
the  readings  of  the  two  meters.  Owing  to  the  variation  in  the 
correction  factors  to  be  applied  to  the  meters  from  time  to  time, 
this  scheme  was  abandoned  as  being  too  unwieldy  and  involv- 
ing too  much  subsidiary  work.  In  the  later  tests  a  sample  was 
taken  continuously  over  a  period  of  twenty  minutes  and  then 
analysed.  The  Randall  &  Barnhardt  apparatus  was  used  for 
the  gas  an.,  yses. 


Equipment  of  Plant. 

Boiler.  A  Babcock  &  Wilcox,  marine  type,  water  tube 
boiler  was  employed,  drawings  of  which  are  shown  in  Fig.  10. 
This  boiler  consists  of  one  steam  and  water  drum,  3'-6"  in  dia- 
meter, connected  to  uptake  and  downcake  headers  by  expanded 
tulws.  There  are  ten  sections  of  tubes  expanded  at  the  ends 
into  the  headers.  The  total  ntmiber  of  tubes  contained  in  these 
sections  is  ten  'arge  tubes,  of  31  Ji*  diameter,  and  156  small 
tubes,  of  l\i"  diameter. 

The  baffle  plates  are  so  arranged  that  the  products  of 
combustion  are  compelled  to  pass  three  times  across  the  tubes 
before  leaving  the  boiler. 
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fin  J^'^^^r"  '"  r^'""^  '"  ^^''"S"  ""^  ^'•""Sht  iron  plates, 
air^in  ^^f'-^^^^ory  mat-riaJ.  and  provided  with  outer 


Fig.  9.     Plan  of  boiler  room. 

The  original  plan  of  the  boiler  allowed  for  a  grate  surface 
of  38  square  feet;    however,  to  meet    the  present  requirements 
the  grate  surface  has  been  bricked  off  so  as  to  be  4'-9r  in  len^rth 
by  4— 10    inwidth,  giving  an  area  of  23-2  square  feet 
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.unnU^!'"'!!^''  1"^  ^'^-  ''^  ^'"  "f  '^  ''P*'^!^'  corrugated  type 
supphed  by  the  makers  of  the  boiler.     The  air  spaces  are    'Z 
width.  g.v.ng  an  a.r  opening  30  per  cent  of  the  total  grate  are. 
and  were  80  constructed  in  order  to  retard,  as  far  as  po^ib  e  t  le 


Fig.  11.     Fire  bars. 

follows:-"""^"^'  °'  '^'  '"^"^'"^  particulars  of  the  boiler  is  as 

Heating  surface  (tubes).  .  ,„ 

u  a       /.  \ 633  sq.  ft. 

.  (drum,  etc.) 4^7   a 

lotal  heatmg  surface a-,-  u     u 

Width  of  grate ,f^' 

Length  of  grate *,_jj. 

Grate  surface  (excluding  dead  plate) 23  •  2  sn    fr 

Ratio  heating  surface  to  grate  surface. . .      29 

Height,  grate  to  lowest  tier  of  tubes,  front . .    51  inches 

Approximate  width  of  air  spaces  i     •     . 

Grate  area  occupied   by  air  space,  per  cent  of  total 

grate  area 

Capacity  of  water  space,  cubic  feet <;7 

"  steam     «  «  J' 

Working  pressure,  lbs.  per  sq.  in.  .  .  '    ' '     120 

n^.J^^ZT'  ^'  """"'"'^"S  feed  water.     Water  from  the  city 

nftank  th  ?  "'""''^'^  P'^^''^'''"  "^'^^-  ^^°-  ^^is  weigh- 
ing tank  the  water  was  admitted  by  a  valve  to  the  feed  tank 
which  was  of  wrought  iron,  and  24'  X  48'  X  54'  in  d    tensions 
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Two  entirely  independent  systems  of  pumping  water  to 
Ihe  bf)iler  from  the  fee<l  tank  wen  provided.  Both  feed  pumps 
were  of  the  duplex  steam-driven  type,  one  with  water  pistons 
havmg  steam  cylinders  3'  in  diameter,  water  cylinders  2'  in 
diameter,  and  a  stroke  of  4',  the  other  having  steam  cylinders 
4J'  in  diameter,  water  rams  .?'  in  diameter,  and  a  stroke  of  4'. 

Draft.  To  obviate  the  necessity  of  erecting  a  high  chimney, 
an  induced  draft  installation  was  employed.  The  products 
of  combustion  were  exhausted  from  the  furnace  by  means  of  a 
30'  steel  plate  fan.  The  Uarings  of  the  fan  were  water 
cooled,  and  the  fan  was  driven  by  means  of  a  Ix-lt  from  a  3J' 
X  3'  vertical  engine,  with  throttling  governor.  The  draft  could 
be  regulated  by  means  of  varying  the  speed  <.f  the  engine,  and  by 
regulating  the  damper  in  the  by-pass  flue,  which  was  so  arranged 
as  to  obviate  the  flue  gases  passing  through  the  fan  when  it  was 
not  in  operation.  The  steam  used  by  the  fan  engine  was  not 
deducted  from  the  total  steam  evaporated,  because  the  draft 
did  not  exceed  that  which  is  obuined  under  ordinary  con- 
ditions   with   a  chimney   stack. 


Results  of  Boiler  Trials. 

rhe  results  of  the  trials  are  given  in  the  form  of  tables, 
in  order  that  the  principal  results  may  be  easily  compared 
with  one  another,  and  with  similar  fuels  tested  at  McGill  (see 
Part  VII,  Vol.  II,  of  "An  Investigation  of  the  Coals  of  Canada," 
published  by  the  Mines  Branch,  Department  of  Mines).  Pre- 
vious remarks  on  boiler  trials  show  tliat  the  boiler  efficiency 
obtained  with  any  particular  fuel  means  little,  unless  it  be  com- 
pared with  the  efficiency  obtained  under  similar  conditions  with 
other  fuels.  At  the  end  of  this  report  a  list  of  observations 
and  computations  for  each  trial  will  be  found,  with  remarks 
upon  the  behaviour  of  the  respective  fuels  tested. 

In  the  full  tables  made  out  for  each  individual  trial  the 
method  of  calc-ulating  the  result  is  indicated  where  necessary. 
A  heat  balance  is  appended  for  each  trial.  The  heat  balance, 
however,  can  be  regarded  only  as  approximate,  because  of  the 


(c) 
(d) 
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following   assumption,    which    were    made    in    calculating    the 
disposal  of  the  heat  fnrrgy  of  the  fuel 

(a)  That  the  s.imple  of  Hue  ga.  taken  fr^m  tht-  centre 
of  the  flue  represents  th..  averajjo  for  the  whole  cros«. 
section. 

That  the  temp«.rature  at  the  centre  of  the  flue  is  the 
average  temperature  of  tlie  flue  ^as. 
That  the  solid  matter  leaving  witli  the  riue  gas  has  the 
same    chemical    comr)osition    as    the    ash    and    refuse 
removed  from  the  grate  and  ash-pit. 
That    the    cfmU)ustiL!e    unconsumed    has    the    siime 
calorific  ^alue   as   the  conunistible   in    thr    fuel   fired 
corr.^r  '  ff''"'"P*'""^  ^^'^^'  ^'•"  ^hown  to  U-  only  approximately 
correct.     However,  ,t  was  ,>ot  fek  that  any  e.xtra  .■xrH.ns.- and 
labour   which   would    have    I.e..    incurred    bv    more   elaU.rate 
schemes  for  obtaining  more  accurate  results  would  have  been 
justified  in  trials  of  this  nature. 

Table  IV  shows  an  abstract  of  the  principal  results  of  the 
toller  tests  carried  out  at  Ottawa.     An  examination  of  all  of 
the  analysers  shows  that  four  of  the  fuels  are  lignitic  in  character 
have  a  moisture  content  from  15  to  21  per  cent,  and  are  high 
m  volat.k  constituents.     The  remaining  fuel  (Canmore,  trial  54) 
IS  of  a  different  nature,  being  much  lower  in  volatile  constituents 
and  having  the  low  moisture  content  of  2  9  per  cent      When 
coal  IS   burned,  the  volatile  components  are  given  off  f^rst    for 
wliich  a  certain  amount  of  heat  must  be  furnished,  while'  the 
coke  remains  to  be  burned  later.     One  effect  of  a  large  proportion 
of  volatile  matter  and  moisture  with  a  periodic  fuel  supply  to 
the  furnace  is  to  cause  a  wide  variation  in  furnace  temperature 
l<ig.  12  shows  charts  with  the  flue  gas  temperature  recordeti  on 
a  polar   diagram.     These  charts  were   taken    during    trials    54 
and  55    in  which  widely  dissimilar  fuels  were  tested     It  will  be 
noted  that  the  average  amplitude  of  the  oscillations  for  trial  S5 
m  which  the  volatile  matter  ,s  29-5  per  .  ent.  and  the  moisture 
17  0  per  cent,  is  much  greater  than  for  trial  54.  wherein  the  coal 
contains   13  1   per  cent  of  volatile  matter,  and  2-9  per  cent 
moisture.     In  order  to  ensure  complete  combustion,  the  volatile 
components  require  to  be  kept  at  a  high  temperature  and  in- 
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timatcly  mixed  with  warm  air  in  a  large  combustion  chamber; 
therefore,  it  is  not  surprising,  in  the  case  of  the  present  trials, 
wherein  these  conditions  did  not  prevail,  to  find  from  0-2  to 
0-7  per  cent  carbon  monoxide  in  the  flue  gas  from  the  lignitic 
fuels,  whereas  the  trial  with  the  Canmore  coal  showed  only 
0-05  \H'T  cent. 

In  order  to  burn  successfully  fuels  containing  a  large  per- 
centage of  volatile  matter,  and  moisture,  it  is  usual  to  drive  off 
the  volatile  matter  at  the  front  of  the  grate,  and,  when  it  is 
mixed  with  air,  cause  it  to  strike  an  ignition  fire  brick  arch, 
which  is  kept  hot  by  being  placed  over  the  incandescent,  partially 
coked  fuel  at  the  back  of  the  grate.  In  this  method,  the  fuel 
is  fed  to  the  front  of  the  grate  and  is  pushed  forward  gradually 
to  the  back,  thus  ensuring  a  hot  fuel  Ix-d  beneath  the  arch. 

In  the  four  tes-ts  with  the  lignites,  air  was  admitted  above 
the  fire  through  the  fire  (kxjr;  evidently  the  mixture  of  this  air 
with  the  gases  arising  from  the  coal  was  incomplete,  and  the 
temperature  too  low,  so  that  the  gases  reachcil  the  comparatively 
cold  water  heating  surface,  thus  cooling  the  mixture  below  the 
ignition    temperature,   before   the   combustion   was  completed. 

The  equivalent  evaporation  of  water  from  and  at  212°  F. 
per  square  foot  of  heating  surface  varied  from  3-51  to  3-77  lbs. 
The  rate  of  evaporation  should  have  been  the  same  throughout 
the   series,    but    practical   difficulties   caused   slight    variations. 

Little  or  no  difficulty  was  experienced  in  burning  the 
lignites,  the  clinker  gave  little  trouble,  and  in  trial  No.  55, 
with  Pembina  fuel,  all  the  refuse  would  have  passed  easily  through 
a  shaking  grate.  The  loss  in  combustible  removed  with  the  ash 
and  clinker  did  not  in  any  case  exceed  2§  per  cent  of  that  rired 
for  the  four  lignites  tested.  C  "anmore  coal  was  somewhat  difficult 
to  burn,  necessitating  a  high  draft  and  excessive  air  supply ;  further, 
in  cleaning  and  slicing  the  fire,  a  larger  percentage  of  combustible 
was  remoxed  than  for  the  other  trials. 

With  a  view  to  forming  a  basis  of  comparison  of  the  fuels 
tested,  the  following  table  (V)  has  been  prepared,  in  order  to 
show  the  amount  of  fuel  supplied,  and  ash  and  clinker  removed 
p*'r  thousand  pounds  of  steam  evaporated  frotr.  and  at  212°F. 
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TABLE  V. 

Boiler  Trials  SJ  to  55  at  Ottawa. 


No.  of 
trial. 


Fuel. 


Per  l.OUC  1*  I.  of  steam  generated 
hs.  (if  refuse 


I.  ■■■  "<■  'M 


54 
55 
51 
53 
52 


C'anniore 

Pembina 

Rosedale 

Twin  City 

Cardiff  Collieries 


emovcd  from 
Rrate. 


l.b«.  of  refuse 

removed  from 

ash  pit. 


124 

177 
184 
IQl 
197 


14  7 
12-7 
11-9 
140 
12-4 


3-9 
4-2 
2-5 
S7 
4-4 


Inspection  of  r.bie  V  shews  the  Cann,ore  mal  to  he  superior 
to  the  others,  as  an  economic ai  stean>  ra.Mr;  l.ut  the  quantity 
of  chnker  rc„,„v«i  front  the  grate  is  surprisingly  high.  The 
Item  of  ash  and  clinker  removed  per  1.000  lbs.  of  steam,  enters 
mto  the  estimate  of  M.e  cost  of  steam-raising  v.  ith  any  partic- 
ular fuel  pnnnpally  as  a  lalx^ur  problem,  ther-fore.  the  alK,ye 
figures  should  U-  consulted  only  in  conjunction  with  the  remarks 
upon  the  d.fh.-ulties  of  remoying  this  refuse-.  For  instance  the 
n^fust>  remoyed  in  the  trial  with  Pembina  fuel  could  easily  have 
been  pas-sed  through  a  shaking  grate,  a  far  sintpler  and  more 
economical  p,-rformance  than  removing  the  bulk  of  it  from 
above  the  fire  bars. 

While  the  figurc-s  quoted  to  sh(,w  the  actual  nuinlxr  of 
pounds  of  steam  generated  per  pound  of  fuel  constitute  the 
most  valuable  information  provided  by  these  tests,  other  factors 
must  be  considered  in  conjunction  with  these.  Where  a  partic- 
ular luel  ,s  to  be  used  continuousl>-.  the  boiler  should  be  so 
designed  as  to  suit  that  particular  fuel,  and  greater  improve- 
ments in  boiler  efficiency  will  be  obtainable  for  some  fuels  than 
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Results  of  Boiler  Tests  Carried  out  by  the  Dominion 
Government  on  Lignitic  Fuels  at  McGill  Univer- 
sity and  at  Ottawa. 

With  a  view  to  comparing  the  general  results  of  tests  so 
far  completed  on  lignites,  Table  VI  has  been  prepared. 

This  table  shows  the  general  results  of  trials  both  at  McGill 
Ln.yersity  and  at  Ottawa.  For  further  information  concerning 
the  fornier  trials,  P.rt  VII.  Vol.  II,  of  "An  Investigation  of  the 
Coals  of  Canada,  published  by  the  Mines  Branch,  should  be 
referred  to.  The  mines  from  which  these  samples  of  lignitic 
fuels  were  obtained  are:— 

Souris  Coal  Field,  Saskatchei  -      Western  Dominion  Collieries. 
Ltd.,  Taylorton,  Sask. 

Edmonton  Coal  Field,  Alberta,  Parkdale  Coal  Co.,  Ltd.,  Edmon- 
ton, Alberta. 

Belly  River  Coal  Field,  Alberta,  Canada-West  Coal  Co     Ltd 
Taber,  Alberta;  Gait  Colliery,  Alberta  Railway  &  Irrigation 
Co.,  Lethbridge,  Alberta. 

At  McGill  University  a  Babcock  and  Wilcox  land  type 
boiler,  with  single  drum  and  brickwork  setting,  was  used  The 
following  particulars  are  appended  in  order  to  compare  the 
boiler  used  at  McGill  University  w.  a  that  used  at  Ottawa:— 

Heating  surface  (tubes) qo?  en   f^ 

(drum,  etc.) 45       « 

"       (total) ^39       « 

Grate  surface Ifi-S" 

Width  of  grate ?  9e  r* 

Length"  " '■'■.'■■■^':..:^:::::::::::::.  \(i^' 

Height,  grate  to  lowest  tier  of  tubes  (at  front) .  24  inches 

^.\  \        "  "  "      (atback) 15      « 

tire  bars,  straight  pattern,  |"  air  space. 

Proportion  air  space  to  grate  surface,  per  cent 30 

Ratio  heating  surface  to  grate  surface,  38- 1  :  1 

The  two  series  of  tests  carried  out  differed  principally  in  the 
""^ATr-^n  ''"'■^''""'  fhe  Ottawa  tests  being  longer  than  those 
at  McGiil,  where  the  original  intention  was  to  run  for  10  hours 
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i-oii.eries  Ltd.,  fuel  were  only  of  6-5  and  8-7  hours'  duration 
respecfvely.  owing  to  insufficient  fuel.  Both  seHes  o"  tests 
were  .n  charge  of  the  same  observer,  and  the  general  scheme  o 

foZZZTr"''''  ^f  ^'^  ^■^^'^P^'^"  ^'^'^  methcTusi' 
lor  samphng  the  flue  gases  for  analysis 

in  th^'Z'^rT'  '^'"P''"  "^  ^'^^  '^"'y  ^•^^'^  '^^'^  for  a-alvsis 
m    he  McG.Il  tests,  and  for  this  reason  the  results  of  the  gas 
analyses  of  the  two  series  are  not  comparable  with  one  another 
and  are  not  included  in  the  table.  another. 

In  order  to  compare  the  relative  values  of  the  boilers  and 

es'Iuoonr"  "'  "'^1'"^  ^^  ^''^"'"«  ^^^^  efficien  y  ^Co 
tests  upon  Canmore  coal  have  been  included  in  Table  VI.  These 
two  samples  came  from  the  same  district,  and  are  verv  similar 
n  compos.t,on.     The  carbon  hydrogen  ratio  of  the  drv  Te    i 

one  7:1:1'"''%'^'  '''''  ^^'°''^^  ^'^'"^  ''^"-^  '^y  '-'"^an 
one    per   cent.     The    moisture    in   both    is   low.     The   Ott-iwi 

sample.  The  results  of  the  two  tests  show  the  efficiency  of  the 
boders,  based  on  combustible  consumed,  to  differ  onlv  by  0  9 
per  cent  However,  the  losses  due  to  combustible  lo'st  in  ash 
and  clmker  are  greater  in  the  McGill  than  in  the  Ottawa  test 
the  combustible  mat.-.-  in  ash  and  clinker  amounting  to  40  4 
and  .J/-/ per  cent  -ely. 

thatth!"^^''  T""  "^  '^'  '■^^"'^^  "f  ^he  tests  will  show 

n  the  M  ?'t,        •'"  '■  ;',  ^'''^"  throughout  in  the  Ottawa  than 
Ish  and  ctl    T\  V:"  '"''''''-"  '°"  '^"'^  ^°  combustible  in 
special  type  of  grate  bars  used,  and  to  the  lower  rate  of  com- 
bustion per  square  foot  of  grate  arei      The  Hffnr  r 
probably  reduced  the  troub.1  whir^re.IL':        r^ 

pftXn  4e  or7  '  ""'r"'  '"'^'  '■■"'"  P^^^'"«  ''^to  the  ash- 
Al  hourh^hM  rV'^^'f '  ^""""  "^^  '"  '^'  M'^Gill  tests. 
Although  the  hgnites  burned  at  McGill  gave  a  little  more  trouble 

Innearer  ''     k"T'  ""'"^  '°  ^""'^^''■^'  ^'^^'^  ^"^-''ties  .lis 
appeared  somewhat  by  using  steam  beneath  the  fire  bars.     The 
Western  Dominion  lignite  burned  at  McGill  was  an  exception 
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to  the  above,  as  all  the  clinker  would  have  parsed  rasilv  through 
a  shaking  grate  without  the  aid  of  .tean,  honc-ath  the  bars 

ihe  flue  gas  analyses  in  the  McC.ill  tests  showed  that  the 
carbon  monox.de  varied  fron>  O.S  to  1-7  per  cent  for  ,he  hVnitic 
fuels  wh,le  only  0^1  per  cent  was  recorded  for  the  Canm  J  co^^ 
wh.ch  shows  that  here  also  the  combustible  gasc-s  arising  trom  "he 
hgnites  were  incompletely  burned. 

_  The  evaporation  per  square  foot  of  heating  sut  ^ace  was  hicher 
m  the  Ottawa  than  in  the  McGill  series  ^ 

of  the"  ttTr^  '^'  ■'^"'?  f^'T''  '"^"*^'^"  ^^'•'  '^""-  ««--cies 
1  tion  of  the"""      f'  '^^  '■'^'^^'-^'•iP  f-tween  the  com- 

M  \.  H  '''"""'  ''"""''  '"'^  '^'  ''«"'^^  efficiencies  ob- 
tam«l  has  been  mxest.gate,!  for  both  series  as  a  whole  The 
effect  of  the  moisture  content  of  the  fuel  will  be  first  considered. 

Effect  of  Moisture. 

contc?t'o7^h?;"7"  ''^'""'•'  "^ '  '""'"  '^"^'  "'  ^'-  ^^'^  '"'^i^ture 
content  of  the  fuel  escapmg  as  superheated  steam  with  the  flue 
gases,  .s  shown  by  the  following  calculations  and  trMe  Cal- 
culation of  the  heat  required  for  the  evaporation  of  the  moisture 

content    var>,ng    from    c    to   30    per   cent,    is    based    on    the 

ollowing  assumption,  viz.,  that  the  fuel  had  a  calorific  value  on 

he  dry  sample  of  10.50.  B.T.U.  per  pound;  that  the  air  temper 

ature  was   60=F.,  and  that  the  flue  gases  left  at    700=F      The 

specific  heat  of  steam  is  taken  as  0-47  and  the  latent  heat  o' 

incrl^'.-n  r''^"'  ""''  '""^'^  ^''  """"^  °f  combustible,  an 
increase  in  the  moisture  content  of  the  fuel  would  decrease  the 
furnace  temperature;  but  no  allowance  was  made  for  this  in  the 
above  calculation  as  an  approximate  result  is  sufficient  for  th! 
present  purpose. 
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TABLE  VII. 

Heat  Loss  due  to  Moisture  in  Fuel. 


Moisture 

per  cent  in 

fuel. 


Per  lb.  of  moist  fuel 


Calorific  value 

moist  fuel, 

B.  T.  U. 


B.  T.  L'.  to  evap. 
moisture  and  super- 
heat the  stc.im 
formed. 


Loss  of  heat  in 
evaporating  mois- 
ture per  cent  of 
calorific  value  of 
fuel. 


:iency 
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An  examination  c.f  tlie  above  table  shows  that  an  increase 

%ul:!!'eT"''-^'  ''  '''f'P^--'^^^">-  -^^  P-  cent   oni>.,  f...  Z 

With  a  view  to  ascertaining    the  connexion    between   the 
bo^er  e  hcency  and  the  moisture  present  in  the  fuel   for 
trials  referred  to,  the  d  aijram  in   Fk'    n  1, .     t  . 

r™„  Which  i.  wii, ,.  «„:;  u;;';hV;,",\:x.  ■:;:£:; 

VII,  has  been  plotted  to  the  same  scale. 

In  the  preceding  calculations,  no  account  was  taken  of  the 

n  the  fuel.     The  relative  proporti(,n  of  the  losses  due  to  stim 
leaving  in  the  flue  gas    which  was  formed  by  the  eva  in   Ion 

foiiowiilnr:-^^"'  ^"' ''  '"^"'"^'  ^>-^-^-  '^  ^'™  ^y  ^'-- 

TABLE  Vni. 

Heat  I^°«^d"«  to  Evaporation  of  Free  Moisture,  and 
^ Burning  ^f  Hydrogen  in  Flue  Gases. 


Boiler  trial. 
Fuel 


Flue   Has   tcinperature, 


51 


52 


53 


54 


55 


JWIale.'_CardifI^:TwinCity.;  Canmore.  'K^^^. 


Free  moisture  in  fuel  as 
fired.     Percent... 


Steam  formed  from  hy- 
drogen [XT  m)  lbs.  of 
fuel  as  fired.. . 


I-oss  per  cent  due  to, 
steam  formed  froml 
free  moisture  in  fuel 


15-3  I       21-2 


Loss  per  cent  ilue  to 
steam  formed  from 
hydrogen  in  fuel I 


21 


4-8 


35- 1     I       33- 


31 


15-9 


32.7 


34-9 


51     !         4-9 


3-3 


170 


34-3 


2-5 


4-9 


m  -^ 
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From  the  foregoing  taljle  it  will  be  seen  that  the  flue  gas 
los-s  due  to  steam  formed  by  the  combustion  of  hydrogen  is  greater 
than  the  loss  due  to  that  formed  from  the  free  troisture,  and  that 
the  total  loss  due  to  the  steam  amounts  to  as  much  as  8  per 
cent  in  two  cases. 

The  higher  calorific  value  as  determined  by  a  compressed 
ox\gin  bomb-calorimctcr  was  used  throughout  these  tests. 
This  calorific  value  so  determined,  includes  the  heat  given  up 
by  the  products  of  combustion  in  returning  to  the  initial  tem- 
perature and  by  the  condensation  of  the  whole  of  the  steam, 
formed  either  from  the  combusLion  of  hydrogen  or  by  the  evap- 
oration of  the  moisture  present  in  the  fuel. 

Since  the  latent  heat  of  the  steam  thus  formed  is  not  avail- 
able when  the  fuel  is  used  for  steam-raising  in  boilers,  the  lower 
calorific  value  is  often  used  instead  of  the  higher  value.  1  here 
is  no  definite  agreement  as  to  the  exact  allowance  to  be  made 
for  the  heat  liberated  by  the  condensation  of  the  steam;  in 
English  practice  it  is  assumed  in  calculating  the  lower  value 
that  the  steam  i.s  brought  to  a  temperature  of  60°  F,,  but  is  not 
condensed.  The  latent  heat  of  steam  at  60°  1'.  is  1058  B.T.U. 
per  pound,  therefore  10-58  B.T.U.  must  be  deducted  from  the 
higher  calorific  value  for  each  one  per  cent  of  steam  formed,  or 
where  H  =  thc  t.)tal  hydrogen  per  cent  in  the  fuel  as  fired,  a 
deduction  of  H  X  95  •  2  B.T.U.  must  be  made  from  the  higher 
calorific  wtlue. 

For  commercial  work,  the  lower  ctlorific  value  is  to  be  pre- 
ferred to  the  higher  value  and  is  in  general  use  in  Europe.  The 
igher  value  is  •.lie  one  generally  used  in  Canada,  though  the 
li.wcr  value  is  sometimes  stipulated  as  the  basis  of  efficiency 
for  .'uxepuuice  tests  of  steam  boilers. 

Tlie  liit;h(r  and  lower  calorific  values  of  the  fuels  used  in 
trials  .>\  to  55,  and  the  corresponding  efficiencies  have  been 
calculated,  and  are  as  follows: — 
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TABLE  IX 

Calorific  Values  of  Fuels  Tested  In  Trials  51  to  55.  made 

at  Ottawa. 


Trial. 


51 


S2 


53 


54 


55 


!^!!L:______^--^'M':_     CaMiff.    TwinCi,yJrann,ore,T;:;;;i~ 


Gross  calorific  value 
B.  T.  V.  per  lb.  as 
"'''^'^ ..       f.m) 

Net   calorific  value'  ~ 

B-  T.  U.  per  lb.  as  fired,      0,070 

Boiler    and    grate   cffi- ~  ~ 

cicncy  based  on  the, 
gross  calorific  value,! 
per  cent 


S.'^'O  8,530        12,Q20 


8,980 


f.OOO 


S.020        12.520     i     8,440 


54-9     :       575 


59-4 


Boiler  and  grale  effi- 
ciency based  on  the 
net  calorific  value, 
per  cent 


60 


58'1 


617 


63-2 


62-3 


61-2 


651 


cfficiencTi       i  ^"'"7  1  '""^  ^""  '^^"^'^^  f-  ^he  boiler 

3  2  to4  7  n  ^'7'^^"^^  ^hat  there  is  an  increase  of  from 

r-.nm        f^     'T  ^"'  '^'  '■^"'^''^  ^"^■'•^  ^"d  1 .9  per  rent  for  th^ 
Conmore  fuel  when  calculated  upon  the  lower  calorific  value! 

In  cases  where  a  boiler  is  guaranteed   to  give  a  certain 
efficency  such  differences  as  the  above  mav  beLme  ofTra^" 
.njortance  and  care  shon'  •  be  taken  to  stipulate  T.^fotlnd 
the  exact  basts  upon  which  the  results  are  (o  be  calculated 

to  trt"  '"'"'-'  ^''"°''  ''^'"  "''■  ^''^'''  ^"^^'^''""'^y  fhat  it  is  difficult 

ar  f  .etor'V-Tl"""  '"'"•^"  ^'"^  '^'^''^'''y  -''  ^^^  P-'-  " 

he  carbon  1     ?       "  '"'"''•''"^  ^^^  ^'"^'"^'  ^^^  ^'^'-^-"  '-'tween 

encv  o   Th    7    "'"  "'r  ;."  '''-^  ''•■^'  f"'-''  ^'"^  ^he  boiler  effici- 

McGill  '"   "  '"^    ''^"^"'  '^^^'^  ^^■^^^'l  -'   Ottawa  and 

The  trials  are  not  sufficient  in  number  to  arrive  at  any  defi- 
n.te  concluston,  but  the  diagra.n  seems  to  indicate  that  a  higher 
efficency  nnght  be  expected  with  coals  of  this  type,  as  the  carlon 


hytlroRon  ratio  increaw-s.  It  will  hi-  noted  that  the  Roscduk- 
finl,  which  has  the  highest  carbon  hydroRj-n  ratio  of  the  lignites 
tested,  lias  a  comparatively  low  el'liciency  and  is,  tlunfore, 
representvd  by  the  isol.ited  jwint  on  the  ri«ht  hand  of  the  dia- 


n 
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Fig.  14.     Diagram  showiriR  relation  between  carbon-hydrogen  ratio  of  dry 
fuel,  md  boiler  efficiency. 


gram.  The  boiler  was  steaming  at  a  higher  rate  with  the 
Ro.sedale  fuel  than  with  any  of  the  other  fuels,  which  partially 
accounts  for  the  high  flue  gas  temperature  and  comparatively 
low  efficiency. 


fs4ivk^liilli¥  ak^ 
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Conclusions. 

(«)  Tlu-   principal   conrluMun    .irriv,!    at    frnm    the   hni'.T 
tnas  wuh  hgnites  is  that  th.  moiM..r.  n.„t.  n.  of  ,1...  fu.  Is  up 
to  3     p..r  nnt  .i.n.s  n-t  nufrially  all.rt   th.  I-oIIct  ortiri..ncv 
>u      UMlu-  carLoa  hydrogc.  ratio  ..xcnis..  th.  greater  irt.lu..ncc. 
in  tills  (liriTtion. 

(A)  Tlu.  lowtT  rat.,  of  rons,m,,,lion  p.-r  squaro  foot  of  ^ratc 
urfacc-  ,n  th.  (...awa  .rials.  o,„,1m„.1  with  th.  n.orc  suiuhl.. 
t>p.  of  ^rat..  bar  improvv.!  ih.  Krato  cfiicicncy  of  these  fu.ls. 

(r)  1  hat  fuds  of  this  class  n.^uirc  a  specially  larKc  conil.us- 
tion  chamber  and  bruk  ignition  arch,  ar-anged  so  as  to  elTect- 
'vely  burn  the  large  percentage  of  volatile  .natter  contai.ied. 


»'-^ 


F^iMJ 
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APPENDIX. 

BOILKR  TRIAF.  N...  51. 
Sl'MMARY  OF  OBSERVATIONS. 

Dair  of  trial:     March  IN.  1914. 

Source   c.f   f,.,!:     Rosclak-   (...il   and   CUv    VvfxhwU   Co 
KosRdale,  .\lbtrta. 

TvFK-  of  l)oiU.r:     Habcoc  k  \-  Wilco.x.  Marine,  Watcr-ti.ho. 
Site  of  lest :     Fuel  TesiinK  Station,  Ottawa. 


Particulars  of  Boiler:  — 

1.  Kind  of  furnace:     f\xvd  l)ars,  corrugated. 

2.  Grate  surface:  width,  4'— 'JT; 

length,  4'— 10";  area 

3.  Width  of  air  space 

4.  Proportion  of  air  space  lo  whole  ^rate 

surf.ice 

5.  Water  heating  surface  on  tulies 

6.  Total  water  heating  ,urfaci' 

7.  Ratio,  heating  surface  to  gnitc  surface 


2.V2 

sq. 

ft. 

nch 

.10 

per  rent 

f),?.? 

Sf|. 

ft. 

677 

- 

29 

Starting  and  Stopping  Trial,  Alternate  method  <  A.S.M.E. 


8.  Time  of  starting  tri.il   ^   -^q  _^  ,„ 

9.  Time  of  stopping  trial 

10.  Duration  of  tr'  il 


8..W  p.m. 
12  hours. 


Fuel  and  Refuse:— 

11.  Size  of  fuel 


Run  of  mine. 
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12.  Analysis  of  fuel  as  fired  :- 


Ultimate 


C'.irl  -n 

Hydri.ucii 

Ash 

Siilpluir 

U^yncn  an<l  nilroj;(.'ii 
(by  dilTerencc)  .... 


Per  rent. 

I'roxiiTiate 

Per  cent. 

56-9 
5-6 
7-6 
0-6 

29-3 

Fixrd  ('arlM)n 

4,S0 

A'olaiilc  matter 

iAsh 

Moisture 

7-f) 

13.  Fuel    ratio:     Fixed    Carbon— \olatile 

Matter 1.40 

14.  Calorific  value  of  fuel  as  fired  per  lb. 

(from  calorimeter) 9,600  B.T.U. 

15.  Calorific  value  of  dry  fuel  per  lb.  (from 

calorimeter) 11 ,340  B.T.U. 

16.  Weight  of  fuel  fired 5,639  lbs. 

17.  Weight  of  refuse  removed  from  above 

the  fire-bars 366     " 

18.  Weight  of  refuse  removed  from  the  ash- 

pit          76     " 

19.  Combusti!)!e  matter  in  total  refuse  re- 

moved       14.8  percent. 

Average  of  Air  and  Flue  Gas  Observations:— 

20.  .-\ir  pressure  in  ash-pit 0-0     inches. 

21.  .'\ir  pressure  in  furnace —0-21       " 

22.  Air  pressure  in  ilue  leaving  boiler —0-57       " 

23.  Temperature  of  air  in  boiler  house 70°  F. 

24.  Temperature  of  flue  gas  leaving  boiler. .       730°  F 
24a.  Carbon  dioxide  in  dry  flue  gas, 

(Continuous  sampling) 8'5  per  cent. 

25.  Analysis  of  dry  flue  gas  by  volume, 

(Intermittent  sampling). 

Carbon  dioxide 10-0  per  cent. 

Oxygen 9.7         " 

Carlton  monoxide 0-4         " 

Xilrogon 79-9         " 

26.  Barometer  reading 29-57  inches. 


77 
Water  and  Steam:— 

27.  Average  temperature  of  feed  water. ...       38  •  5  °  F 

28.  Weight  of  water  fed  to  the  boiler  cor- 

rected for  inequality,  of  water  level      7S  98711).s 

29.  Average  boiler  steam  pres.sure  by  gauge      'I'osibs.'  persq.in 
M.  Average  calorimeter  steam  pressure  I,y 

^^"^" ■       4.8inchesof 

31.  Temperature  of  steam  in  calorimeter.  . .       282°  F   "^'^'^*^"'^'^' 

General  Notes:— 

Average  thickness  of  fuel  bed:  4}  to  5  inches 
T.mes  of  slicing,  levelling,  or  breaking  up  of  fire:   10.50    11  55 
a.m.,  4.o0  p.m. 

Times  of  -leaning  fire:  8.15  a.m  (before  trial).  1.40  and  8.20  p.m. 
Particulars  of   choker:   thin    clinker  spreads  on  bars.  sticlJl   a 

Smoke:  little  smoke. 
Flame:  short  flame. 

Air  regulation  over  bars:  small  amount  of  air  admitted  ab.ne 
Oiirs. 

Steam  under  bars:  none. 

Caking  of  coal:  dcx-s  not  cake. 

Could  shaking  grate  be  used  ?     Xo. 

Stare  of  weather:  cloudy,  overcast. 

Remarks: — 

Run  of  mine  fuel,  in  hard  lumps   with   small    stuff,  v,tv 
little  dust.     I-  uel  i.s  not  broken  up  easily  in  firing. 


m,r-.,MPi^FemmtJ9Si 


BOILKR  TRIAL  No.  51. 

SUMMARY  OF  RESULTS. 

Date  of  trial:     March  18,  1914. 

Source    of   fuel:     Rosedale    Coal    &   Clay    Products    Co., 
Rosedak,  Alberta. 

Type  J  boiler:     Babcock  &  Wilcox,  Marine,  Water-tube. 
Site  of  test:     Fuel  Testini;  Station,  Ottawa. 

Total  Quantities:— 

32.  Duration  of  trial 12  hours. 

33.  Weight  of  fuel  as  fired 5639  lbs. 

34.  Weight  of  dry  fuel  fired 4780      " 

35.  Weight  of  combustible  fined 4350     " 

36.  Weight  of  refuse  removed  from  ash  pit 

and  grate  (Item  17  +  Item  18) 442     " 

37.  Weight  of  combustible  in  refuse  (Item 

19  X  Item  36  -^  100) 65      " 

38.  Total    unconsumed  combustible    from 

analysis  (Item  40  X  Item  37  -r-  Item 

39) 74     « 

39.  Weight  of  ash   in   refuse   (Item   36- 

Item  37) 377     « 

40.  Weight  of  ash  in  fuel  fired 430     " 

41.  Weight    of    combustible    consumed 

(Item  35 -Item  38) 4276     " 

42.  Weight   of  water   fed   to   boiler,   cor- 

rected for  inequality  of  water  level  . .    25287      " 

43.  Weight    of    water    evaporated,     cor- 

rected for  moisture  in  steam 25130      " 

44.  Equivalent  water  evaporated  into  dry 

steam  from  and  at  212°  F 30645     " 

Ash  and  Refuse:— 

45.  Ratio,   refuse  removed   from  grate  to 

total  refuse  removed  (Item  17-4-  Item 

36) 0-83 
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46.  Total  refuse  removed  per  cent  of  fuel 

fired  (Item  36-=- Item  33X100) y.g 

47.  Total  refuse  removed  per  cent  of  dry 

fuel  fired  (Item  36^ Item  34  X  100)  9-3 

Hourly  Quantities:— 

48.  Fuel  fired  per  hour 47q       |j,g 

49.  Fuel  fired  per  sq.  ft.  of  grate  surface 

per  hour 20-2     " 

50.  Dry  fuel  fired  per  sq.  ft.  of  grate  sur- 

face per  hour jy.j      u 

51.  Equivalent    evaporation    per    hour, 

'-om  and  at  212°  F '   .     2554         " 

52.  Equivalent  evaporation  per  hour,  from 

and  at  212°  F.  per  sq.  ft.  of  heating 

surface 3.-7   „ 

Average  Pressures,  Temperatures,  Etc. 

53.  Steam  pressure  by  gauge  (lbs.  per  sq. 

,,    ^'"-^ 108 

54.  Temperature  of   feed   water  entering 

boiler 38 .  S"    P 

55.  Pressure  of  draft  between  ash-pit  and 

exit  from  boiler 0.57    ins 

56.  Temperature  of  escaping  gases  from 

„    ^^o''^'' 730°        F. 

57.  Percentage  of  moisture  in  steam 0-9 

Horse  Power  (A.S.M .E.)  :— 

58.  Boiler    horse-power    developed    (Item 

51-34J) 74.0 

Economic  Results:— 

59.  Equivalent  water  evaporated   per  lb. 

of  fuel  as  fired  (Item  43  -=-  Item  33)  4-46  lbs. 
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60.  Equivalent  evaporation   from  and   at 

212°  F.  per  lb.  of  fuel  as  fired  (Item 

44-4-Item  33) 5.43  lbs. 

61.  Equivalent  evaporation   from  and   at 

212°    F.    per   Ih.    of   dry    fuel   fired 

(Item  44^ Item  34) 6-41      " 

62.  F^quivali'nt   evaporation   from  and  at 

212°  K.  per  lb.  of  combustible  con- 
sumed (Item  44-7- Item  41) 7-17      « 

Efficiency  and  Loss  due  to  Combustible  in  Refuse:— 

63.  Efficiency  of  boiler  furnace  and  grate 
,„„    f      Item  61  X  970-41 

''^   [  Item  15 J 54-9  percent. 

64.  Con.  iustible  removed  with  refuse  from 

ash-pit  and  grate  per  cent  of  com- 
bustible fired  ( 1 00 X  Item  37  -7-  Item 
35) 1.5         « 

65.  Efficiency    of    boiler    based    on   com- 

bustible consumed  (Item  63  X  Item 

35  -^  Item  41) 55.9 

Particulars  of  Firing:— 

66.  Kind  of  firing  . .  .  .Spreading  on  alternate  sides. 

67.  Average  thickness  of  fire 5  inches. 

68.  Average    interval    between    times    of 

levelling  and  breaking  up 144  mins. 

Flue  Gases: — 

69.  Dry  flue  gas  per  lb.  of  carbon  (from 

gas  analysis) 28-0  lbs. 

70.  Dry  Hue  gas  per  lb.  fuel  as  fired  (from 

gas  analysis) 15.7      « 


i^&m'^mmm, 
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Heat  Balance  Based  on  Fuel  as  Fired: 


Per  lb.  of 
fuel  fircil 
B.  T.  t  . 


71.     Heat  absorbed  bv  the  boiler  (un<l  thermal 

77      ,  ^''^"^'f  "=y) .■ 5,270 

tl.  Loss  due  to  evaporation  and  superheat  of 
moisture  in  fuel  and  that  formed  by  com- 
bustion of  hydrogen . . . , 

73.  Loss  due  to  heat  carried  away  in  the  dry  flue 

gases 

74.  Loss  due  to  carbon  monoxide.  1 !.!!!'!!]!!!  I 

75.  Loss  due  to  unconsumed  combustible. ..'.'.' 

76.  Loss  due  to  heat  in  hot  a.shes,  to  radiation,' 

and  unaccounted  for 'I 


670 

2,4.'!0 
260 
160 


790 


77.     Total  calorific  value  of  fuel  as  fired |        9,600 


F'er  cent  of 

heal  in  fuel 

fired. 


54-9 


6-9 

2,S-5 
2-7 
1-7 

8-3 


100-0 


BOILER  TRIAL  No.  52. 

SUMMARY  OF    OBSERVATIONS. 

Date  of  trial:    March  20,  1914. 

Source  of  fuel :    Cardiff  Collieries  Ltd.,  Cardiff,  Alberta. 
Type  of  boiler:     Babcock  &  Wilcox,  Marine,  Water  tube. 
Site  of  test:     Fuel  Testing  Station,  Ottawa. 


Particulars  of  Boiler:  — 

1.  Kind  of  furnace:   fixed  bars,  corru^rated. 

2.  Grate  surface:  width  4'— 9r;  length    '— lO^area:  23-2sq.ft. 

3.  Width  of  air  space j  inch. 

4.  Proportion  of  air  space  to  whole  grate 

^"'"^ace 30  percent. 

5.  Water  heating  surface  on  tubes 633  sq.  ft. 

6.  Total  water  heating  surface 677  "  " 

7.  Ratio,  heating  surface  to  grate  surface. . .  29 
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Starting  and  Stopping  Trial,  Alternate  Method  (A.S.M.E.) 

8.  Time  of  starting  trial 8.30  a.m. 

9.  Time  of  stopping  trial 8.30  p.m. 

10.  Duration  of  trial 12  hours. 

Fuel  and  Refup»:— 

11.  Size  of  fuel:  run  of  mine,  varies  from  4'  to  5'  lump  to  very 

small  stuff. 

12.  Analysis  of  fuel   is  fired: — 


Ultimate               ;      Per  cent 

Proximate                  Per  cent 

Carbon 

51-5 
61 
7-6 
0-2 

3i-6 

Fixed  carbon 39-1 

Hydrogen 

Volatile  matter 31.1 

.Ash                                              7  A 

Ash 

Sulphur 

Oxygen  and  nitrogen 
(by  difference) 

13.  Fuel    ratio:     Fixed    Carbon— Volatile 

Matter 1.22 

14.  Calorific  value  of  fuel  as  fired  per  lb. 

(from  calorimeter) 8570  B.T.U. 

15.  Calorific  value  of  dry  fuel  per  lb.  (from 

calorimeter) i087O  B.T.U. 

16.  Weight  of  fuel  fired 5674  lbs. 

17.  Weight  of  refuse  removed  from  above 
the  fire-bars 357  lbs. 

Weight    of    refuse    removed    from    the 

ash-pit 127  lbs. 

Combustible  matter  in  total  refuse  re- 

•"o^ed 14-9  percent. 

Average  of  Air  and  Flue  Gas  Observations:— 

20.  Air  pressure  in  ash-pit 0  0  inches. 

21.  Air  pressure  in  furnace —   0-20     " 

22.  Air  pressure  in  flue  leaving  boiler -046     " 

23.  Temperature  of  air  in  Iwilcr  house 87°  F. 

24.  Temperature  of  flue  gas  leaving  boiler.  .  .  670°  F. 


In 
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25.  Analysis  of  dry  flue  gas  by  volume 

(Continuous  sampling) 

Carbon  dioxide 10.2  percent. 

Oxygen q.  j       « 

Carbon  monoxide 0.7       « 

Nitrogen gg.Q       « 

26.  Barometer  reading 39. 1 1  inches. 

Water  and  Steam:— 

27.  Average  temperature  of  feed  water 35  ■  5°  F. 

28.  Total    weight    of   water   fed    to   boiler, 

corrected  for  inequality  of  water  level. 23,740  lbs. 

29.  Average  boiler  steam  pressure  by  gauge. .  108  lbs.  per  sq.  in. 

30.  Average  calorimeter  steam  pressure  by 

8^"Ke 4-4inchesof 

,,    -p                       .  mercury. 

■il.   1  emperature  of  steam  m  calorimeter 282°  F. 

General  Notes:— 

Average  thickness  of  fuel  bed:     6  inches. 

Times  of  slicing,  levelling,  or  breaking  up  of  fire:  2.40;  5.10  p  m 
Times    of  cleaning  fire:   8.10  a.m.    (before   trial);    12.J0,    6.50; 
8.10  p.m. 

Particulars  of  clinker:  hard,   forms  in  fairly  large  pieces.  dot>s 

not  stick  to  bars. 
Smoke:  very  little. 
Flame:  rather  short. 

Air  regulation  over  bars:  a  little  air  admitted  above  the  grates 
bteani  under  bars:  none. 
Caking  of  coal:  coal  cakes  a  little. 
Could  shaking  grate  be  used  ?     Not  applicable. 
State  of  weather:  clear,  zero  weather. 

Remarks : — 

Fuel  crumbles  easily,  broken  up  a  good  deal. 


J^-n^.-'l 
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BOII.KR  TRIAL  No.  52. 

St'MM.\RY  OF  RESULTS. 

Date  of  trial:     March  2(1,  1914. 
Source  uf  fuel:     CardilT  ColliiTics,  Cardiff,  .Mborta. 
Type  of  boiler:     Babcock  &  \Vilcf)X,  Marine,  Water  tuljc. 
Site  of  test:     Fuel  Testing  Station,  Ottawa. 


Total  Quantities:— 

32.  Duration  of  trial 12  hours. 

33.  Weight  of  fuel  as  fired 5 ,674  lbs. 

34.  Weight  of  dry  fuel  fired 4 ,470    " 

35.  Weight  of  combustible  fired 4,040    " 

36.  Weight  of  refuse  removed  from  ash-pit 

and  grate  (Item  17  +  Item  18) 484   " 

37.  Weight  of  combustible  in  refuse 

(Item  19  X  Item  36  ^  100) 72    " 

38.  Total  unconiiumed  combustible  from  an- 

alysis (Item  40  X  Item  37  -i-  Item  39)  75    « 

39.  Weight  of  ash  in  refuse  (Item  36 -Item 

^7) 412    " 

40.  Weight  of  ash  in  fuel  fired  (Item  34- 

Item  35) 439   " 

41.  Weight  of  combustible  consumetl  (Item 

35  —  Item  38) 3  q,j5    « 

42.  Weight  of  water  fed  to  boiler,  corrected 

for  inequality  of  water  le\f  1 23 , 740    " 

43.  Weight  of  water  evaporated,  corrected 

for  moisture  in  steam 23,590    " 

44.  Equivalent  water  evaporated  into  dry 

steam  from  and  at  212'F 28,840   " 

Ash  and  Refuse:— 

45.  Ratio,    refuse    •     loved    from   grate   to 

total  refuse  removed  (Item  17  -r  Item 

<'6) 0-74 
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46.  Total  rHus,-  r.-nu.v.d  rn  r  cvm   .,f  |,k.1 

hrt-cf    (horn  .it,    4     It,.,,,    .??    y    |„„, 

47.  Total    rifiiM-  rcniovi.l   |„r  cnt   ol   ,|rv 

Iml  timl  (lum  .-to  +  Itoi  .^i  x  1(H)) 

Hourly  QuantUles:- 

4S.   I'ucl  (ind  iKT  '.lour 

4</.   Fuel  r.n.l  per  s.,.  ft   of  Kr,*t*.  .urfaiv  per 
hour 

5(1    Dry  fuel  tired  ,ht  mi.u.  of  Kr.ue'si.'rfacc 
JMT  luxir 

51.  Kfiuivalnit  e%aporati(.n  fxr  In.ur,  from 

anil  at  ZIJ'F 

52.  Equivalent  evaporation  jht  hour,  from 

and  at  212=F.  jht  v,.  ft.  of  h,ating 
surface 


8.5 
10-8 

47.?  U.S. 

2(1.4  « 

lol  " 

2,404      " 


Averafte  Pressures,  Temperatures,  Etc.:- 

53.  Si.      n  pressure  Lygaiiuedhs.  per  sq.  in.,  lOS 

54.  Temperature  of  feed  water  entering' boiler      V.-S^F 
5.V  Pressure  of  draft   between  a.h-pi.   and 

exit  fr<  m  lK)iler 

56.  Temperature    of    escaping    gases    from 

boiler 

57.  I  ercentage  of  moisture  in  steam. .  . 


0'46  ins. 


(>70°F. 

0-8 


Horse-Power  (.\.S.M.E.):— 

58    ';.,.ler  horse-power  developed  (Item  >1 
-    34^) ■ 

Economic  Results:— 

59.  f-quivalent  waiiT  evafK^rited  per  lb.  of 

fuel  as  fired    (Item  4<    --    lu-m  .U) 

60.  Fqunalent    evaporation    from    ami    at 

^'-      ''•'.  per  lb.  of  fuel  as  firvd  ( Item  44 
^    Item    i3) 


69 '7 


4-10  lbs. 


5-08 
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61.  Equivalent   evaporation    from    and   at 

21 2°?.  per  lb.  of  dry  fuel  fired  (Item 

44   -;-    Item  34) 6-45  lbs. 

62.  Equivalent    evaporation    from    and    at 

212°F".   per   lb.  of  combustible  con- 
sumed (Item  44 -r- Item  41) 7-28   " 

Efficiency:— 

63.  Efficiency  of  boiler  furnace  and  grate 

,„„  r  Item  61  X  970-41 

^^4         Iteml.S^       J 57.5percent. 

64.  Combustible  removed  with  refuse  from 

ash-pit  and  grate  per  cent  of  combust- 
ible fired  (Item  37  -5-  Item  35  X  100)         1-8      « 

65.  Efficiency  of  boiler,  based  on  combust- 

ible consumed  (Item  63  X  Item  35  -5- 

Item4l) 58-6      " 

Particulars  of  Firing:— 

66.  Kind  of  firing Spreading  on  alternate  sides. 

67.  Average  thickness  of  fire 6  inches. 

68.  Average  mterval  between  times  of  level- 

ling and  breaking  up 144  mins. 

Flue  Gases: — 

69.  Dry  flue  gas  per  lb.  of  carbon   (from 

gas  analysis) 22-9  lbs. 

70.  Dry  flue  gas  per  lb.  fuel  as  fired  (from 

gas  analysis) 11-6   " 
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Heat  Balance,  Based  on  Fuel  as  Fired. 


Per  lb.  of 
fuel  fired 
B.  T.  U. 


"effide'^nT)^'^  by  the  boiler  (and    thermal 
Loss  due  to  evaporation  and    sui>erheat  ofl 
moisture  in  fuel  and  that  formed  by  com- 
bustion of  hydrogen.  .  I 
Loss  due  to  heat  carried  away  in  the  dry  fluei 

RdSCS  I 

Loss  due  to  carbon  monoxide. i        ''jm 

Loss  due  to  unconsumed  combustible i  tfl) 

Loss  due  to  heat  in  hot  ashes,  to  radiation  1 
and  unaccounted  for 


4,930 
710 


820 


Total  calorific  value  of  fuel  as  fired  I        g 


570 


Per  cent 

of  heat   in 

fuel  fired. 


57-5 

8-2 

180 
3-8 
1-9 

9-7 


1000 


BOILER  TRIAL  No.  53. 
SUMMARY  OF  OBSERVATIONS. 

Date  of  trial:     March  23,  1914 

Mine  op.rator:     Twin  City  Coal  Co..  Ltd..  Edmonton,  Alberta 
Type  o   botler:     Babcock  &  Wilcox,  Marine.  Water  tube. 
Site  of  test:     h uel  Testing  Station,  Ottawa. 


Particulars  of  Boiler:— 

1.  Kind  of  furnace:   fixed  bars  corrugated. 

2.  Grate   surface:  width    4'— 9i";    leneth 

4'       in"                                                                &*•■» 
— 10    ;  area 23-2  sn    ft 

3.  Width  of  air  space  i       ', 
An           ■         .    .        4  inch. 

4.  JToportion  of  air  space  to  whole  grate 

surface ,„ 

c    ur„»      •       •  ■ ^^  P*^  cent 

5.  U  ater  heating  surface  on  tubes 633  sq.  ft 

0.   lotal  water  heating  surface 677       "  ' 

7.  Ratio,  heating  surface  to  grate  surface..  29 


WWi 
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Starting  and  Stopping  Trial,  Alternate  method  (A.S.M  j;.) 

F.  Time  of  starting  trial g.jo  a.m. 

9    Time  of  stopping  trial 8-30  p.m. 

10.  Duration  of  trial 12  hours. 

Fuel  and  Refuse:— 

11.  Size  of  fuel:    run  of  mine,  not  very  much  small  stuff. 

12.  Analysis  of  fuel  as  fired  :— 


Ultimate 


Carbon 

Hydrogen \ 

Ash ■ 

Sulphur j 

Oxygen       and       nitrogen' 
(by  difference) 


Per  cent 


51-3 

5-4 

135 

(••3 

29-5 


Proximate 


Fixed  ca:  Ion . . . 
Volatile  matter. 

Ash 

-Moisture 


Per  cent 


40-8 
29-8 
13-5 
lS-9 


13.  Fuel  Ratio :  Fixed  Carbon— \'olatile  Mat- 

ter          1.37 

14.  Calorific  value  of  fuel  as  fired  per  lb. 

(from  calorimeter) 8530  B.T.U. 

15.  Calorific    value    of    dry    fuel    per    lb. 

(from  calorimeter) 10140  B.T.U. 

16.  Weight  of  fuel  fired 5577  lbs. 

17.  Weight  of  refuse  removed  from  above 

the  fire-bars 408     " 

18.  Weight  of  refuse  removed  from  the  ash- 

PJt 107     " 

19.  Combustible  matter  in  total  refuse  re- 

•'"oved 18-9  per  cent. 

Average  of  Air  and  Flue  Gas  Observations:- 

20.  Air  pressure  in  ash-pit 0  inches 

21.  Air  pressure  in  furnace —0-21     " 

22.  Air  pressure  in  flue  leaving  boiler -0-63     " 

23.  Temperature  of  air  in  boiler  house 85°F. 
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24.  Temperature  of  flue  gas  leaving  boiler. .     690'  F 

25.  Analysis  of  drv-  flue  gas  by  volume 

(Continuous  sampling) 
Carbon  dioxide on 

Oxygen ::::.:.::::.  lo".""'""' 

Carbon  monoxide q. 2 

Nitrogen g^'^       „ 

26.  Barometer  reading ; ;       29-85  inches 

Water  and  Steam:— 

27.  Average  temperature  of  feed  water  35  OT 

28.  Total  weight  of  water  fed  to  boiler  cor- 

rected for  inequality  of  water  level  23965  lbs 

29.  Average  boiler  steam  pressure  by  gauge         107  Ibs.persq.  in. 

30.  /erage  calorimeter  steam  pressure  by 

4-6    inches     of 

31.  Temperature  of  steam  in  calorimeter.  . .         282 'F.  '"'^'^^"'^" 
General  Notes:— 

Average  thickness  of  fuel  bed:  4  inches 

^'""7.40  pm'"^'  '''''"'"^'  °'  ^'"'"'^"^  "P  °^  ^'''-    '1*0  a-'"-. 

^™?30^    m  ^"'"^  ^'^'    ^'^"^  ''■'"■  ^"^^"'^   *"^'^=    l-^O-  *-15. 
Particulars  of  clinker:  in  hard  and  not  very  large  lumps;  does 

not  spread  over  bars;   sticks  slightlv. 
Smoke:  very  little. 
Flame:  fairly  long. 

Air  regulation  over  bars:    a  little  air  admitted  over  bars, 
ateam  under  bars:    none. 
Caking  of  coal :  does  not  cake. 
Could  shaking  grate  be  used  ^     No. 
State  of  weather:  clear. 
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BOILER  TRIAL  No.  53. 
SUMMARY  OF  RESULTS. 

Date  of  trial:  March  23,  1914. 

Mine  operator:  Twin  City  Coal  Co.,  Ltd.,  Edmonton.  Alberta. 
TyjH;  of  boiler:  Babcock  &  Wilcox,  Marine,  Water  tube. 
Site  of  test:  Fuel  Testing  Station,  Ottawa. 

Total  Quantities:— 

32.  Duration  of  trial 12  hours. 

33.  Weight  of  fuel  as  fired 5,577    lbs. 

34.  Weight  of  dry  fuel  fired 4,690     " 

35.  Weight  of  combustible  fired 3,940      " 

36.  Weight  of  refuse  removed   from  ash- 

pit and  grate  (Item  17  +  Item  18),  .       515      « 

37.  Weight  of  combustible  in  refuse  (Item 

19  X  Item  36  -7-  100) 97      « 

38.  Total   unconsumed   combustible   from 

analysis  (Item  40  X  Item  37  -=-  Item 

39) 175     - 

39.  Weight  of  ash  in  refuse  (Item  36    — 

Item  37) 4jg      « 

40.  Weight  of  ash  in  fuel  fired  (Item  34  - 

'tt"m35) 750      « 

41.  Weight    of    combustible    consumed 

(Item  35  —  Item  38) 3,755      * 

42.  Weight  of  water  fed  to  boiler,  corrected 

for  inequality  of  water  level 23,965      " 

43.  Weight  of  water  evaporated,  corrected 

for  moisture  in  steam 23,820     * 

44.  Equivalent  water  evaporated  into  dry 

steam  from  and  at  212  °F 29,130      " 

Ash  and  Refuse:— 

45.  Ratio,   refuse  removed   from   grate  to 

total    refuse    removid   (Item    17  -=- 

Item  36) 0-79 


91 

46.  Total  refuse  removed  per  cent  of  fuel 

fired  (Item  36  -f-  Item  33  X  1(K))    .  9-2 

47.  Total  refuse  removed  per  cent  of  dry- 

fuel  fired  (Item  36  H-  Item  34  X  100)         110 

Hourly  Quantities:— 

48.  Fuel  fired  per  hour 455      ^^j. 

49.  Fuel  fired  per  sq.  ft.  of  grate  surface 

PtT  hour 20- 0   " 

50.  Dry    Fuel    fired    per   sq.    ft.    of   grate 

surface  per  hour j^.g    « 

51.  Equivalent  evaporation  per  hour,  from 

and  at  212°F 2427        « 

52.  Equivalent  evaporation  per  hour,  from 

and  at  212°F.   per  scj.  ft.  of  water 

heating  surface 3 .  59    « 

Average  Pressures,  Temperatures,  Etc.:— 

53.  Steam  pressure  by  gauge  (lbs.  per  sq. 

,,    ^'"-^ 107 

54.  Temperature   of   feed    water   entering 

boiler ^^ot- 

55.  Pressure  of  draft  between  ash-pit  and 

exit  from  boiler 0-63  inches. 

ao.    Icmperature  of  escaping  gases   from 

,-    „  ^"^''' 690T. 

57.  Percentage  of  moisture  in  steam 0-8 

Horse-Power  (A.S.M.E.):— 

58.  Horse-power    developed    (Item   51  - 

^4J) 70-4 

Economic  Results:— 

59.  Equivalent  water  evaporated   per  lb. 

of  fuel  as  fired  (Item  43  -^  Item  33)  4-27    lbs. 


^m^^i^i 


92 

60.  Equivalent  evaporation  from  and  at 

at   212°F.    [XT   lb.   of   fuel   as   fired 

(Item  44  ■*■  Item  33) 5 . 22  lbs. 

61.  Equivalent   evaporation    from  and  at 

21 2^.  per  lb.  of  dry  fuel  fired  (Item 

44 -f- Item  34) 5.21      « 

62.  Equivalent  evaporation   from   and   at 

212 'F.  per  lb.  of  combustible  con- 
sumed (Item  44 -i- Item  41) 7.73      « 

Efficiency: — 

63.  Efficiency  of  boiler  furnace  and  grate 

ion  r'':em61  X  970-41 

'""L        Item  15       J 59.4  percent 

64.  Combustible  removed  with  refuse  from 

ash-pit  and  grate  per  cent  of  com- 
bustible fired  (Item  37   -=-   Item  35 

X  100) 2.5      « 

65.  Efficiency   of    boiler    based    on    com- 

bustible consumed  (Item  63  X  Item 

35  -T-  Item  4^ ' 62-2         " 

Particulars  of  firing:— 

66.  Kind   of    firing:    hand,    spreading   on 

alternate  sides. 

67.  Average  thickness  of  fire 4      inches. 

68.  Average    interval    between    times    of 

levelling  and  breaking  up 140      mins. 

Flue  Gases:— 

6y.  Dry  flue  gas  per  lb.  of  carbon  (from 

gas  analysis) 27.1    lbs. 

70.  Dry  flue  gas  per  lb.  fuel  as  fired  (from 

gas  analysis :   I3.3     « 
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Heat  Balance,  Based  on  Fuel  as  Fired. 


Per  lb.   of!     Per  rent  of 
fuel  fired  '  heat  in  fuel 
H.T.  f.    ,         Cr,.,! 


71. 

72. 

73. 

74. 
75. 
76. 


Heat  ab«orl)ed  by  the  boiler  and  (th»Triiall 

emciency)   

Loss  liue  to  evaixiration  and  superheat  ofi 

moisture  In  fuel  and  that  formed  by  com-' 

bustionof  hyilr(>|;en i 

Los,«t  due  to  heat  carried  away  in  the  dry 

flue  ga.sea 

Los.s  due  to  carbon  monoxide  ... 

l-fMs  iluc  to  unconsumed  combustible 

Loss  due  to  heat  in  hot  ashes,  to  radiation 

and  unaccounied  for 


77.     Total  calorific  value  of  fuel  as  fired . 


5.070 


620 

I,')4(» 
110 
370 

420 


59-4 


7-3 

22  7 
13 
4  5 


8,530 


1000 


BOILER  TRIAL  No.  54. 
SUMMARY  OF  OBSERVATIONS. 

Date  of  triah  March  25,  1914. 

Mine  operator:  Canmore  Coal  Co.,  Ltd..  Canmore.  Alberta 
Type  of  boiler:  Babcock  &  Wilcox,  Marine.  Water  tube. 
Site  of  test:  Fuel  Testing  Station,  Ottawa. 


Particulars  of  Boiler:— 

1 .  Kind  of  furnace :  fixed  bars,  corrugated . . 

2.  Grate    surface:    width  4'— 9 J';    length 

4'— 10';    area 23-2  sq.  ft. 

3.  Width  of  air  space i  ^,^^.y, 

4.  Proportion  of  air  space  to  whole  grat. 

sui'f^'^ 30  per  cent. 

5.  Healing  surface  on  tuljcs 633  sq.  ft. 

6.  Total  heating  surface 677       " 

7.  Ratio,  heating  surface  to  grate  surface        29 


9  'MkK 
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Starting  and  Stoppinf^  Trial,  Alternate  Method  ( A.S.M.E.) 

«.  Time  of  startini;  trial 8-30  a.m. 

9.  Timt  c.f  stcippinj;  trial «..«)  p.in. 

10.  Duration  of  trial \2  hours. 

Fuel  and  Refuse:— 

11.  Sizf  of  fufl:    run  of  mine,  very  small  stufT. 

12.  Analysis  of  futi  as  hrwl: — 


1'llim.itr 


IVr  rent 


Carbon 

Hydrogen 

Ash       

Sulphur 

Oxygen  and   iiiiruKcn 
(by  difference) 


76  2 
4-2 

12 -.^ 
0  8 

65 


Proximate 


Fixed  carbon     . 
Volatile  matter. 
.Ash 
Moisture. . .     . . 


Per  cent. 


71-7 

13  1 

12-3 

2  9 


13.  Fuel    Ratio:     Fi.xt-d    Carbon— Volatile 

Matter 5.47 

14.  Calorific  value  of  fuel  as  fired  per  lb. 

(from  calorimeter) 12 ,920  B.T.U. 

15.  Calorific  value  of  dry  fuel  jx-r  lb.  (from 

talorimfter) 13 .300  B.T.U. 

16.  WeiKht  of  fuel  fired 3 ,544  lbs. 

17.  Weight  of  refuse  removi-d  from  above 

the  fire-bars 420     " 

18.  Weight  of  refuse  removed  from  the 

ash-pit Ill     « 

19.  Combustible  matter  in  total  refuse  re- 

"loved 27-7  percent. 

Average  of  Air  and  Flue  Gas  Observations:— 

20.  Air  pressure  in  ash-pit 00  inches. 

21.  Air  pressure  in  furnace —0-32       " 

22.  Air  pressure  in  flue  leaving  boiler -0-68       " 
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23.  Tinnwr.iturc  of  air  in  ImmUt  Houm'  82'  f.'. 

24.  Tim|Kraturi- of  tlui- gas  l(.i\inKlH.iliT  (>.«)    F". 

25.  Analy-is  of  <lry  tliii-  jjas  by  voliinu 

(CositiniK-iK  siiiiplinK) 

Carhon  (lioxidr      7  50  i.fr  (.•nt. 

OxyKcn 12  35         " 

('arlM)n  inono.xicle O-OS         •• 

NitroKi-n 8(1     •)         « 

26.  BaromeUr  n-adinj; W,   ]>  m,  hes. 


Water  and  Steam:— 

27.  Average  tcmpcratiirt"  of  titd  watei 

28.  Total  wiight  of  wau>r  fid  to  tin-  boil.  • 

rorreclfd  for  (lifTi-rencf  of  w.utr  liv(  i 
in  J)oilir  ■  ; 

29.  Average  Ijoiler  .steam  prtssure  by  gaugi- 

30.  Average  lalorimtter  sttani  j>res.sure  bv 

gauge 

31.  TemfKTature  of  steam  in  cilori meter. .  . 


V-  K. 


.  p<'    -i  in 

4  S    ini  (H-s    <if 

nuTc  iirv. 
J81°F. 


General  Notes:— 

Average  thickness  of  fuel  \hh\:   6  to  7  inches. 

Times  of  slicing,  levelling,  or  breaking  up  of  lire:   2.10,  3.40  p.m. 

Times  of  cleaning  fire:    8.1.'  a.m.  (before  trial),  12.10,  5.25  and 

7.45  p.m. 
Particulars  of  clinker:  small  pieces,  not  sticking  to  bars  remo\ed 

easily. 
Smoke:   very  little. 
Flame:   very  little. 

Air  regulations  over  bars:   a  little  air  ailmiltefl  over  bars. 
Steam  under  bars:   none. 
Caking  of  coal :  den  s  not  cake. 
Could  shaking  grate  be     sed  f    Most  of  the  clinker  would  pass 

through. 
State  of  weather :  clear. 
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Remarks: — 

Owing  to  the  formation  of  dead  patches  in  the  fire  bed, 
it  was  necessary  to  frequently  disturb  the  fire  with  the  rake. 

BOILER  TRIAL  No.  54. 
SUMMARY  OF  RESULTS. 

Date  of  trial:  March  25,  1914. 

Source  of  fuel:  Canmore  Coal  Co.,  Ltd.,  Canmore,  Alberta. 
Type  of  boiler:  Babcock  &  Wilcox,  Marine,  Water  tube. 
Site  of  test:  Fuel  Testing  Station,  Ottawa. 


Total  Quantities:— 

32.  Duration  of  trial 12  hours. 

33.  Weight  of  fuel  as  fired 3 ,544  lbs. 

34.  Weight  of  dry  fuel  fired 3,440     " 

35.  Weight  of  combustible  fired 3,010     " 

36.  Weight  of  refuse  removed  from  ash-pit 

and  grate  (Item  17  +  Item  J 8) 531     « 

37.  Weight  of  combustible  in  refuse  (Item 

19  X  Item  36  -5-  100) 147     « 

38.  Total    unconsumed    combustible    from 

analysis  (Item  40  X  Item  37  -h  Item 

39) 165     • 

39.  Weight  of  ash  in  refuse  (Item  36  —Item 

37) 384     " 

40.  Weight  of  ash  in  fuel  fired  (Item  34  — 

Item  35) 430     « 

41.  Weight  of  combustible  consumed  (Item 

35  -  Item  38) 2,845     « 

42.  Weight  of  water  fed  to  boiler,  corrected 

for  inequality  of  water  level 23 ,  520     " 

43.  Weight  of  water  evaporated,  corrected 

for    moisture    in    steam 23 ,370     " 

44.  Equivalent  water  evajwrated  into  dry 

steam  from  and  at  212°  F 28,530     " 


♦7 

Ash  and  Refuse: — 

45.  Ratio,    refiist-   removed    from    grate   to 

total    refuse    removed    (Item    17    -r- 
Item  .16) 0-79 

46.  Total  refusi'   removed  |ier  cent  of  fuel 

fired   (Item    M)  -=-    Item   33   X    100)     15  0 

47.  Total  refusi'  removed  percent  of  dry  fuel 

fired  (Item   36  -r-   Item   34   X   100)     15-5 

Hourly  Quantities:— 

48.  F'ucl  fired  per  hour 295  Ihs. 

49.  Fiiel  per  sq  ft.  of  grate  surface  per  hour.  .      12.7     " 

50.  Dry   fuel   as  fired   per  s(|.   ft.  of  grate 

surface  [ler  hour 12-3     " 

51.  Equivalent  evaporation  per  hour,  from 

and  at  212°  V 2377         " 

52.  Equivalent  evaporation  per  hour,  from 

and  at  212°  F.  per  in\.  ft.  of  heating 

surface 3 . 5 1   " 

Average  Pressures,  Temperatures,  Etc.  :— 

53.  Steam  pressure  by  gauge  (lbs.  piTs<|.  in.)         105 

54.  Temperature    of    feed    water    entering 

boiler 37°  F. 

55.  Pressure  of  draft  between  ash-pit  and 

exit  from  boiler 0-68  ins. 

56.  Temperature    of    escaping    gases    from 

boiler 630  °F. 

57.  Percentage  of  moisture  in  steam 0-8 

Horse-Power  (A.S.M.E.) 

58.  Horse-power  developed  (Item  51  -^  34^     08-9 

Economic  Results:— 

59.  Equivalent  water  evaporated  per  lb.  of 

fuel  as  fired   (Item  43    ■¥    Item    33)       6-59  lbs. 
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60.  Eiquivalent    evaporation    from    and    at 

212°F.  per  lb.  of  fuel  as  fired  (Item  44 
-5-   Item  33) g.QS  lbs. 

61.  F.f|uivalent  evap<jration    from    and    at 

212°F.  per  lb.  of  dry  fuel  fired  (Item 

44   -f-   Item  34) 8-29     " 

62.  Kquivalent    evaporation    from    and    at 

212°F.  per   lb.  of  combustible  con- 
sumed (Item  44   -v-    Item  41) 1003     " 

Efficiency: — 

63.  Efficiency  of  lK)iler  furnace  and  grate 

,„„    ritem61X  970-41 

'^^   L~h^^rin^-J  604  per  cent. 

64.  Combustible  removed  with  refuse  from 

ash-pit  and  grate  per  cent  of  com- 
bustible fired  (Item  37  -^  Item  35  X 
100) 4.9     « 

65.  Efficiency  of  boiler  based  on  combus- 

tible consumed  (Item  63  X  Item  35  -^ 

Item41) 63-9     « 

Particulars  of  Firing:— 

66.  Kind  of  firing:  hand,  spreading  on  alternate  sides. 

67.  Average  thickness  of  fire 6  to  7  inches. 

68.  Average  interval  Ix-tween  times  of  level- 

ling and  breaking  up 144  mins. 

Flue  Gases:— 

69.  Dry  flue  gas  per  lb.  of  carbon  (from  gas 

analysis) 32-8  ll)s. 

70-    Dry   flue  gas   [xr  lb.   of   fuel  as  fired 

(from  gas  analysis) 23  •  6     " 
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71. 
72. 

73. 

74, 
75. 
76. 


77. 


Heat  Balance,  Based  on  Fuel  as  Fired. 


I'er  lb.  of 
fuel  fired 
B.  T.  IJ. 

i 

Heat  absorljcd  by  the  boiler  (and    thermal 

efficiency) '        7,8 10 

Loss  due  to  rvap)ratii)n  and  superheat  of. 
moisture  in  fuel  and  that  formed  by  com-i 

bustion  of  hydrogen |  400 

Loss  due  to  heat  carried  away  in  the  dryi 

flue  gases ;       3,100 

I.ossdue  tocarlxjn  monoxide j  ,S0 

Loss  due  to  unconsunied  combustible '  720 

Loss  due  to  heat  in  hot  ashes,  to  radiatir)n| 
and  unaccounted  for 7.S0 

Totalcalorifir  value  of  fuel  as  fired I      12,020 


60  4 


^  6 

24  0 

0-4 
5-5 

6! 


100  0 


BOILER  TRIAL  No.  55. 

SUMMARY  OF  OBSERVATIONS. 

Date  of  trial:     Marrh  27,  lOU. 

Mine  operator:     Pcml)ina  Coal  Co.,  Ltd.,   Lntwistle,    AllKTta. 
Type  of  l)oiler:     Babcix^k  &  Wilcox,  Marine,  Water  tul)e. 
Site  of  test:     Fuel  Testing  Station,  Ottawa. 

Particulars  of  Boiler:— 

1.  Kind  of  furnace:   fi.xetl  bars,  corrugated. 

2.  Gratesurface:width4'—<)'j';  length  4'  -10'; 

ari'a 2.^2  sq.  ft. 

3.  Width  of  airspace ]  inch. 

4.  Proportion  of  air  space  to  whole  gr.ile  surface  .^0  jwr  cent. 

5.  Water  heating  surface  on  lubes 0.?.?  .stj.  ft. 

6.  Total  water  heating  surface 677    "     " 

7.  Ratio,  heating  s'irface  to  grate  surface .  .      29 

Starting  and  Stopping  Trial,  Alternate  Method  (A.S.M.E.) 

8.  Time  of  starting  iri.il X  M)  a.m. 

9.  Time  of  stopping  trial 8  •  .M)  p.m. 


100 

10.  Duration  of  trial 12  hours 

Fuel  and  Refuse:— 

11.  Size  of  fuel:  run  of  mine  2  to  5  inches  not  broken  up.     No 

small  stuff. 

12.  Analysis  of  fuel  as  fired : — 


Ultimate. 


Carbon 

Hydrogen 

Ash 

Sulphur 

Oxygen  and  nitrogen 
(by  difference). . . . 


Per  cent. 


Sii 

5-7 
9-7 
0-2 

300 


Proximate. 


Per  cent. 


Fixed  carbon. . . 
Volatile  matter. 

Ash 

'  Moisture 


43-8 

29-5 

9.7 

170 


13.  Fuel     Ratio:    Fixed    Carbon— Volatile 

Matter 1.48 

14.  Calorific  value  of  fuel  as  fired  per  lb. 

(from  calorimeter) 8980  H.T.U. 

l.S.  Calorific    value   of    dry    fuel    per    lb. 

(from  calorimeter) 10830  B.T.I'. 

16.  Weight  of  fuel  tired 5203  lbs. 

17.  \\  eight  of  refuse  removed  from  above 

the  fire-bars     374  « 

18.  Weight  of  refuse  removed  from  the  a.sh- 

Pit 125  " 

19.  Combustible  matter  in  total  refuse  re- 

'^'^'  -^ 16- 1  percent. 


Average  of  Air  and  Flue  Gas  Observations:— 

20.  Air  pressure  in  ash-pit 00  inches. 

21.  Air  pressure  in  furnace —0-21     " 

22.  Air  pressure  in  flucleaving  boiler —0-63     " 

23.  Temperature  of  air  in  boiler  house 74  °F. 

24.  Temperature  of  Hue  gas  leaving  boiler. .  .  645°  F. 
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25.  Analysis   of  dry    flue   gas   l)y   vdlume 

(Continuous  samj)lini{) 

Carlwn  'lioxidc 7  •  7  per  cent. 

Oxygen 12-1     « 

Carbon  monoxide 0-4     " 

Nitrogen 79-8     " 

26.  Barometer  reading 30- 08  inches. 

Water  and  Steam: — 

27.  Average  temperature  of  feet]  water 37  •  5°  F. 

28.  Total  weight  of  water  fed  to  boiler  cor- 

rected for  ine<iuality  of  water  level  in 

boiler 24,325  lbs. 

29.  Average  boiler  steam  pressure  by  gauge.  109  ll>s.  per  sq.  inch. 

30.  Average  calorimeter  steam  pressure  by 

gauge 4-2iiuhesofmercury 

31.  Temperature  of  steam  in  calorimeter. . .  .280°  F. 

General  Notes:— 

Average  thickness  of  fuel  bed:  4  to  6  intlics. 

Times  of  slicing,  levelling,  or    breaking  up  of  firo:    raked  over 

at  3.15  p.m. 
Times  of  cleaning  fire:  7.45  am.   (btfore  trial);    12.00,  4.15, 

7.45  p.m. 
Particulars  of  clinker:  in  soft  small  pieces,  very  easily  removed. 
Smoke :  fair  amount. 
Flame :  rather  long. 
Air  regulations  over  bars:  none. 
Steam  under  bars:  none. 
Caking  of  coal:  does  not  cake. 
Could  shaking  grate  be  used  ?     Very  applic'  le. 
State  of  weather:  wet,  cloudy. 


BW 
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BOILER  TRIAL  NO.  55. 

SUMMARY  OF  RESULTS. 

Date  of  trial:  March  27.  1914. 

Mine  operator:  Pembina  Coal  Co.,  Ltd.,  Entwistle,  Alberta. 
Type  of  boiler:  Babcock  &  Wilcox,  Marine,  Water  tube. 
Site  of  test :  Fuel  Testing  Station,  Ottawa. 


Total  Quantities:— 

32.  Duration  of  trial 

33.  Weight  of  fuel  ai  fired 

34.  Weight  of  dry  fiul  fired 

35.  Weight  of  combustible  fired 

36.  Weight  of  refuse  removed  from  ash-pit 

and  grate  (Item  17  +  Item  18) 

37.  Weight  of  combustible  in  refuse  (Item 

19  X  Item  36  H-  100) 

38.  Total    unconsumed    combustible    from 

analysis  (Item  40  X  Item  37  -f-  Item 
39) 

39.  Weight  of  ash  in  refuse  (Item  36   — 

Item  37) 

40.  Weight  of  ash  in  fuel  fired  (Item  34  - 

Item3.S) 

41.  Weight  of  combu?tibIe  consumed  (Item 

35  -  Item  38) 

42.  Weight  of  water  fc<l  to  Ixiiicr  corrected 

for  inequality  of  water  level 

43.  Weight  of  water  evajwrated,  corrected 

for  moisture  in  steam 

44.  liquivalenl  water  evaporated  into  dry 

steam  from  and  at  21 2°F 


12  hours. 

5203  lbs. 

4320  « 

3810  • 

4';9  " 

80  " 

97  " 

419  " 

510  " 

3713  « 

24325  « 

24150  " 

29480  « 


Ash  and  Refuse:— 

45.  Ratio,  refus*'  removed  from  grate  to 
total  refuse  removetl  (Itrin  17  -r 
Item  36) 


075 
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46.  Total  refuse  rcmovw!  per  cent  of  fuel 

fired  (Item  36  +  Item  33  X  100). . . .  0-6 

47.  Total   refu.sc   removed   per  cent  of   dry 

fuel  fired  (.Item  36  +  Item  34  X  100)         11-6 

Hourly  Quantities:— 

48.  Fuel  fired  per  hour 4J4  n,,. 

49.  Fuel  per  sq.  ft.  of  grate  surface  per  hour      18-7     • 

50.  Dry  fuel  fired  per  sq.  ft  J  grate  surface 

per  hour I5.5     « 

51.  Equivalent  evaporation  per  hour,  from 

andat212°F 2456     • 

52.  Equivalent  evaporation  per  hour,  from 

and  at  21?*^.,  per  sq.  ft.  of  water  heat- 
ing surface 3-63  ■ 

Average  Pressures,  Temperatures,  Etc.:— 

53.  Steampressureby  gauge  (lbs.  per  sq.  in.)         109 

54.  Temperature    of    feed    water    entering 

boiler 37.5  'p. 

55.  Pressure  of  draft  between  ash-pit  and 

exit  from  boiler 0-63  inches. 

56.  Temperature   of   escaping    gases   from 

boiler 645  "F. 

57.  Percentage  of  moisture  in  steam 10 

Horse-Power  (.\.S.M.E.):— 

58.  Horse-power  developed  (Item  51  +  34J)       71  2 


Economic  Results: 


50. 


60. 


Equivalent  water  evaporated  per  lb.  of 
fuel  as  fired  (Item  43  -5-  Item  33). .. . 

Equivalent  evaporation  from  and  at 
212''F  per  lb.  of  fuel  as  fired  (kom  44 
•4-  Item  33) 


4-64  lbs. 


5-67 
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61.  Equivalent   evaporation    fn/m   and    at 

212°F.  per  lb.  ol  dry  fuel  fired  (Item 

44  +  hem  34) 6-83  lbs. 

62.  Equivalent   evaporation    from    ,ind   at 

212''K.   tir  111    of  combustible  con- 
sumed (Item  44  -f-  Item  41) 7-94     " 

Efficiency:— 

63.  Eflficiencv  of  boiler  furnace  and  grate 

100  I      -  ,     —  .>  1 61-2  per  cent. 

L        Iicm  15         J 

64.  Combustible  removed  from  ash-pit  and 

grate  per  cent  of  combustible  fired 

100    f'/'"'"! 2-1     " 

L  Item  35  J 

65.  Flflficiency  of  lx>iler   based   on  combus- 

tible consumed  (Item  63  X  Item;35,-i- 

Item41) 62-8     « 

Particuf  Ts  of  Firing: — 

66.  Kind  of  firing:  hand,  spreading  on  all  tr- 

natc  sides. 

67.  Average  thickness  of  fire 4  to  6  inches 

'  1.  Average  interval  between  times  of  level- 
ling and  breaking  up 240  mins. 

Flue  Gases:— 

69.  Dry  flue  gas  per  lb.  of  carbon  (from  gas 

analysis) 30-6  lbs. 

70.  Dry  flue  gas  per  lb.  fuel  as  fired  (from  gas 

analysis) 16'2    * 
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Heat  Balance,  Based  on  Fuel  as  Fired. 


IVr  II)  of  I'.  M-cntanc 
(upI  fired  i>f  hiat  in 
H    T.  I  .  futi  fircl 


71.      Meal  abH<irl)e>l  by  thi-  ln.ilcr  I.iimI  ilurmal 

.rticirmy)  5,5(X,  6,2 

11.     Lks-*  due  to  i'vai)orati  ,.      md  sii(K't>iiMl   .,1  i 

moisture  in  In,  '  and  ih..    formed  1,.  burn 

inuhydroRPn  .  r.60         !  7-4 

l3.     I.oiw  due  I"  lioai    carried  away  in  the  dry  ' 

Hue  gases  2,22(1  24-7 

74.  I.<>S!»<luelnr,tibon  nioii  ).\i(l.-       1  .'To         I  ^.^) 

75.  I.osmkIucIo  unconsuiiiedcomliustilile 2.50         1  2-6 

76.  I.OM  due  Ki  heal  in  hot  ashes,  lo  radiation, 

and  unai  ciiutiicd  for  KlO         i  |.) 

77.  Tutalcalorific  valucof  furlasfireil    8,980  1000 
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year  1910. 
fl  16.     Production  of  coal  and  coke  in  Canada  during  the  calendar 

year  1910. 
tll7.     General   summary   of   the   mineral   p.'o<luction   of   Canada 

during  the  calendar  ><'ar  19i0. 

Magnetic  iron  sands  of  Natashkwan.  Saguenay  county.  Que.  Report 
on— by  Geo.  C.   Mackenzie,   B.Sc. 

The  mineral  production  -f  Canada,  1911.  Preliminary  report  on- 
by  John   McLeish,    I    A. 

Investigation  of  the  peat  bogs  and  peat  industry  of  Canada.  1910-11. 
Bulletin  No.  8— by  A.  v.  Anrep. 

The  utilization  of  peat  fuel  for  the  production  of  pfmer.  Ik  ine  a  record 
?n,n''fT""'»"*'  conducted  at  the  Fuel  Testing  Station,  Ottawa. 
1910-"       Report  on— by  B.  F.  Haanel,  B.S:. 

Pyrites  .inada:    its  occurrence,  exploitation,  dressini;  and   uses 

Repo.i  on— by  A.  W.  G.  Wilson,  I'h.D. 

The  nickel Jnduslry:    with  special  referrnoe  to  the  Sudl,ury  region 
Unt.     Rei>ort  on— by  Professor  A.  I'.  Coleman,  I'h.U. 

Magnetite  occurrences  along  the  Central  Ontario  railway.  Kowrt 
on— by  t.  Lindcman,  M.E.  ' 

The  niin     i'  production  of  C.ina.li  flunnt;  the  calendar  year   lOU 
— Aiii.aal  rf,;ori  on— by  John  .Mcl.eish,  H.A- 
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Sinv..—  Thf  Jollcwint  parts  uere  stparauly  prtnUd  and  timed  in 
adfiitut  i<j  Iht  Annual  Report  jot  1911. 

181.  Produiiion  of  ci-nirnt,  limf,  clay  pnxliirts,  gtone,  and  other 
Ktruiiiiriil  nuiirri.ii^  in  C.inaiU  durinn  ilir  calrniUr  yraf 
1911.     Hullctin  on- l.y  Ji.hri   M.l.rish,  H...\. 

tl82.     rnxluclion  of  iron  ami  ^.iwl  iii  (  an.id.i  durinK  itir  calrndar 
>rar  IVll.      Hull.iin  on -by  J.,hn  .\I<  l.ci-th,  U  ,\. 
183.     (Irnrral   numniary   of    the   niimt  d   orodmlion   in    Cinada 
diirinK,    iho   cdt-nilar    year    1^11       Hulloiin   on— by    John 
Mil.-ish,    U  A. 

tlW.  I'riMliirtion  of  ropper.  ijold,  lea<l,  nirlcel,  silver,  zinc,  .tnd 
othrr  metals  of  lanada,  during  ihc  (ali-ndir  year  1911. 
HulItMin  on— by  ('.  T.  Cartwriiilit,   H.Sc. 

t200.  The  f)n>durtion  of  coal  and  colce  in  Canada  during  the  calen- 
dar year  1911.     Bulletin  on— by  John  Mcl.eith,  B.A. 

Buildinu  stonen  of  Canada  --Vol.  11:    BuildinR  and  orn..nienfal  stone* 
of  the  Maritime  I'rovinres.     Hr[H)rt  on- -by  \V.  A.  I'arki,  I'hU. 

The  copper  nmchini;  industry  of  Canada.     Report  on — by  A.  W.  G. 
Wilson,  Ph.D. 

Mineral   prfxlurtion   of   Canada,    1912.     Preliniinary   report   on— by 
John  Mcl-eijh.   B.A. 

Lode  mining  in  Yukon:   an  investigation  of  the  (inartz  deposits  of  the 
Klondike  divi»ion.     Report  on— by  T.  A.  .MacI.ean,   B.Sc. 

Summary  report  of  the  Mines  Branch,  1912. 

Sections  of  the  Sydney  coal  fields— by  J.  G.  S.  Hudson,  M.E. 

Summary  re(X)rt  of  the  petroleum  and  natural  cas  resources  of  Canada. 
1912— by  F.  G.  Clapp,  A.M.     (See  No.  224.) 

Ecomomic  minerals  and  mining  industries  of  Canada. 

Gypsum   in   Canada:    its  occurrence,  exploitation,  and  technoloiry. 
Report  on— by  1..  H.  Cole,  B.Sc. 

Calabogie  iron-bearing  district      Rcfwrt  on— by  E.  I.indeman,  M.E. 

Preparation  of  metallic  cobalt  bv  reduction  of  the  oxide.     Report  on— 
by  H.  T.  Kalmus,  B.Sc.,  Ph.D. 

The  mineral  production  of  Canada  during  the  calendar  year  1912. 
Annual  report  on — by  John   McLeish,   B.A. 

^(m.—The  j'ollawinii  parts  were  separately  printed  and  issutd  •» 
advatue  of  the   '  lual  Report  Jor  1912. 

238.     Gent  ..mmary  of  the  mineral  production   of  Canada, 

during   the   calendar   year    1912.     Bulletin   on— by   John 
Mcl.eish,  B.A. 
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285.  Summary  rfjiort  of  the  Minos  nranrh,  101  V 

291.     The  i«.ln,leum  and  natur.,1  gas  resoumn  of  C-..„a.la.     Rr,„,n    -n  -l,v 
I-.   Li.  Ll.ipi),  A  M.,  ,in,t  (,th.r>:— 
Vol.  I. — Tuchnulu(jy  ami  E.xpi.jitation. 

299.  Peat,  lignite,  and  coal:  their  value  as  fuels  for  the  pr,.!uction  of  «„ 
and  fxiwer  m  the  I,>-pro<luct  recovery  pr..lu.,.r  Kepo.t  on-hy 
H.  r.  Huaiicl.  B.Sc. 

303.     .Mo<«e  Mountain  iron-U'aring  district.     Re,K,rt  o..--l,y  E.  I.ind.nun, 

30.S.     The  non-metallic  minerals  used  in  the  Canadi.m  m.i,,  urinL-  iivluH. 

tries.     Kc|K)rt  on— by  Howills  Frtchetle,  M.St. 

309.     'Th'-^P'jy^^'j^I^P'-n.es^of  cobalt.   Part   II.     Ke,K,rr   on-by   11    T. 

320.     The  mineral  praluction  of  Can  id.,   durint;  the  r.dcndar  yt'.ir   1913 
Annual  report  on— by  John  .Mcl.eish,  li.A. 

^mT..—  Thf  following  parts  u.'re  sfp irately  piintM  and  issued  in 
advance  of  tlie  Annual  Report  for  19 1  J. 

315.  The  production  of  iron  an-l  steel  durini;  »l,e  calendar  vear 
1913.     Bulletin  on— by  John  .Mcl.eish,  H.A. 

316.  The  product  ion  of  coal  and  cuke  d.irinu  the  calendar  vear 

1913.     Bulletin    on— by    John    .Mrl  cish,    BA. 

317.  The  production  of  cop,>er.  Rold.  l.^ad,  ni.  kel,  silver,  zim-,  and 
other  met. lis.  durin?  the  c.lcn.lar  year  lOI.V  Bulletin  on— 
bv    (  ,     I  ,    C.irt«ri;dif.    B.Sc. 
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318.  The  pro<luclion  of  cfnient,  liiiif,  clay  products,  am)  other 
structural  materials,  during  the  lalendar  year  t')13.  Bul- 
letin on — by  John  Skl.ei^li,  H..A. 

319.  (ieneral  summary  of  the  mineral  prixluclion  of  Canada 
during  the  calendar  year  l'>13.  Uullelin  on— l>y  John 
McLeish,  H.A. 

Economic    minerals    and    mining    imlustries    of    Can.ida.     (Kevised 
Edition). 


323.     The  Products  and  liy-produc's  of  coal.     Rp[)ort  on — by  Edgar  Stans- 
field,  M.Sc.,  ami  I-'.  K.  Carter,  B.Sc,  Dr.  Ing. 

331.     The  investigation  of  six  siitnplcs  of  .Ml«Tta  lignites.     Report  on — by 
U.  I'.  1Iu.uk1,  B.Sc.,  and  John  Blizard,  B.Sc-. 

336.     Notes  on  clav  depo'iits  near  McMurrav,  .Mlx'rta.     Bulletin  No.  10 — 
by  S.  C.'Ells,  B.A.,  B.Sc. 

The  DiHiiim  of  Afinrm!  Resnurrrs  iind  SUitistics  has  prepared 
the  felluwinf  lists  of  mine,  smdter,  aid  quarry  operators:  Metal 
mines  arid  smellers.  Coal  mines,  Stone  quarry  operators.  Manu- 
facturers of  clay  products,  and  Manufacturers  of  lime;  copies  of  the 
lists  may  be  ohtained  on  application. 
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291.     The  petroleum  and  natural  gas  resources  of  Canada.     Report  on —by 
F.  (i.  Clapp,  A.M.,  and  others: — 

Vol.   II. — Occurrence  of  iietroleum  and   natural  gas  in  Canada. 
Also  separates  of  Vol.  II,  as  follow.'^: — 
Part    I,  P^aslern  Canada. 
Part  H,  Western  Canada. 

325.     The  sidt  industry  of  Canada.     Repiirt  on — by  L.  H.  Cole,  B.Sc. 

334.     Electro-plating  with  cobalt  and  its  alloys.     Report  on — by   H.  T. 
Kalmus,  B.Sc.,  Ph.D. 

338.     Coals  of  Canada:    Vol.  VII.     Weathering  of  Coal.     Report  on — by 
J.  B.  Porter,  E.M.,  D.Sc,  Ph.D. 

344.     Electrotherniic   Smelting  of   Iron   Ores  in   Sweden.     Report  on — by 
Alfred  Stansfield,  D.Sc.,  A.R.S.M.,  F.R.S.C. 

346.     Summary  report  of  the  Mines  Branch,  1914. 


FkKNC  M  TRANSLATIONS. 

t4.     Rapport  de  la  Commitsion  rion:m<>  iK<iir  i-iiidicr  Ifs  ilivrrs  prorW^s 
elcctr()-lhcrinii]iifs   pour   l.i   ii-.liiriiou   ilcs   mincr.iii  de   Ifr   et    l.i 
fabrication  de   racier  tinpluvt-s  en   luirupc  -  liv   ICm-t-ne   IlaaneJ 
I'h.D.     tFrt-nch   Kdition),   IV05. 

26a.     The   mineral   production   of   Canada,    VH)l>.     Annual   rrwjrt   on— bv 
John   Mcl.cish.   I!. A. 

t28a.     Summary  report  of  Mines  Hranch,  l'«).S. 

56.     Bituminous  or  oil-shaleg  of  New  Hrun.swiclc  and  Nova  Scotia:  also  on 
the  oil-shale  industry  of  Scotland.     Keixirt  on— by  R.  \V.  KlLs, 

81.     Chrysotile-asbesios,   its  nccurrentp,   exploitation,   milling,  and   uses. 
Kcp<jrt  on — by  Fritz  ("irkel,  .M  K. 

100a.  The  building  and  ornamental  stones  oi  Canada:    Building  and  i>rna- 
mental  sloncs  of  Ontario.     Report  on —by  W    .\.  I'arks,  I'h.D. 

149.     Magnetic  iron  s;inds  of  Natashkwan,  Saguenay  countv,  Que.     Report 
on — by  (jco.  C.   .Mackenzie,  B.Sc. 

155.  The  utilization  of  peat  fuel  for  the  prcKlucfion  of  [xiwer,  being  a  record 

of  experiments  conducted  at  the  l'u<d  Testing  Station,  Ottawa 
1910-11.     Report  on— by  H.  F.  Ha.,  id,  B.S.-. 

156.  The  tungsten  ores  of  Canada.     Report  on — by  T.  I..  Walker,  Ph.D. 

169.     Pyrites  in  Canada:    its  orcurn-nce.  exploitation,  dressing,  and  uses. 
Report  on— by  A.  W.  C.  Wilson,  I'h.U. 

180.     Investigation  of  the  fn-at  bogs,  and  [)eat  industry  of  Canada,  1910-11. 
Bulletin  No.  H — by  A.  v.  Anrcp. 

195.  Magnetite  occurrences  along  the  Central  Ontario  railway.  Report  on 

—by  E.  Lindeman,  M.E. 

196.  Investigation  of  the  [leat  Imirs  and  peat  industry  of  Canada,  1900-10; 

to  which  is  appended  Mr.  .Ml.  Larson's  pa|H'r  on  Dr.  .M.  ICkcn- 
burg's  wet-cart)onizini;  process:  from  LikMisk  Tidskrilt,  No.  12, 
December  26,  19f),S — translation  by  Mr.  .X.  v.  .Anrcp;  ;dso  a  trans- 
lation of  Lieut.  Kkelund's  p.uiiiildct  ontitU-d  ".\  solution  of  the 
peat  problem,"  19tl"),  describini;  thi-  Fkchind  pnx-c^ss  for  the  manu- 
facture of  peat  powilcr,  by  H.irolil  .A.  I  evcrin,  Ch.F.  Bul- 
letin No.  4 — by  .\.  \-    .Anrcp.     (Snond  ICdilioii,  cnlariicd.) 

197.  Molybdenum  ores  of  Canada.     Report  on — by  T.  L.  W.dker,  Ph.D. 

198.  Peat  and  lignite:  their  mannf.icture  and  uses  in  Eurojx;.     Report  on — 

by   Erik   Nystrom,   M.E.,   I'XKS. 


202.     Grapliitp;  its  pro[)crtirs,  occurrences,  refining,  and  uses.     Report  on — 
by  Fritz  Cirkcl,  .M.K.,  1<«)7. 
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Austin  Brook  iron-bearing  district.  Report  on — by  E.  Lindeman, 
M.E. 

Chrome  iron  ore  deposits  of  the  Eastern  Townships.  Monograph  on — 
by  Fritz  Cirkel,  M.E.  (Supplementary  section:  Experiments 
with  chromite  at  McGill  University— by  J.  B.  Porter,  E.M.,  D.Sc.) 

Ecomomic  minerals  and  mining  industries  of  Canada. 

Gypsum  deposits  of  the  Maritime  Provinces  of  Canada — including  the 
Magdalen  islands.     Report  on— by  W.  F.  Jennison,  M.E. 

Recent  advances  in  the  construction  of  electric  furnaces  for  the  pro- 
duction of  pig  iron,  steel,  and  zinc.  Bulletin  No.  3 — by  Eugene 
Haancl,  Ph.D. 

Mica:  its  occurrence,  exploitation,  and  uses.  Report  on — by  Hugh 
S.  de  Schmid,  M.E. 

Annual  mineral  production  of  Canada,  1911.  Report  on — by  John 
McLeish,  B.A. 

Production  of  iron  and  steel  in  Canada  during  the  calendar  year  1912. 
Bulletin  on— by  John  McLcish,  B.A. 

Production  of  coal  and  coke  in  Canada,  during  the  calendar  year  1912. 
Bulletin  on — by  John  McLeish,  B.A. 

Production  of  cement,  lime,  clay  products,  stone,  and  other  structural 
materials  during  the  calendar  year  1912.  Bulletin  on — by  John 
McLeish,  B.A. 

Production  of  copper,  gold,  lead,  nickel,  silver,  zinc,  and  other  metals 
of  Canada  during  the  calendar  year  1912.  Bulletin  on— by  C.  T. 
Cartwright,   B.Sc. 

An  investigation  of  the  coals  of  Canada  with  reference  to  their  economic 
qualities:  as  conducted  at  McGill  University  under  the  authority 
of   the   Dominion   Governmont.     Report   on — by  J.    B.   Porter, 
E.M.,  D.Sc.,  R.  J.  Durley,  Ma.  E.,  and  others— 
Vol.  I — Coal  washing  and  coking  tests. 


IN  THE  PRESS. 

179.     The  nickel  industry:  with  special  reference  to  the  Sudbury  region,  Ont. 
Report  on— by  Professor  A.   P.  Coleman,  Ph.D. 

204.     Building  stones  of  Canada — Vol.11:    Building  and  ornamental  stones 
of  the  Maritime  Provinces.     Report  on — by  W.  A.  Parks,  Ph.D. 

223.     Lode  Mining  in  the  Yukon:    an  investigation  of  quartz  deposits  in 
the  Klondike  division.     Report  on — by  T.  A.  MacLean,  B.Sc. 

246.     Gypsum  in  Canada:    its  occurrence,  exploitation,  and  technology. 
Report  on— by  L.  H.  Cole,  B.Sc. 
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An  investigation  of  the  coals  of  C.inad.i  witli  rclircnce  to  ih«  ir  .conomic 
qualities:  as  comlucte.l  at  McGill  University  under  the  authority 
ol  the  Dominion  (.overnnicnt.     Report  on— by  J.  B.  Porter  EM 
O.Sc.,  R.  J.  Durley,  Ma.E.,  and  others—  '     '"     ' 

Vol.      II — Boiler  and  gas  pro<luier  te<ts. 
Vol.    Ill— 
Appendi.x  I 

Coal  washing  tests  and  diagrams. 
Vol.  I\' — 
Appendix  II 

lioiler  tests  and  diagrams. 

Iron  ore  deposit?,  Bristol  mine,  Pontiac  county,  Quebec,  Report  on— 
by  E.  Liiidenuin,  .\I.E. 


MAPS. 

t6.  Magnetomctric  survey,  venical  inirnsity:  Caljliogie  mine,  Bagot 
township.  Rtiifri'W  county,  Ontaricj — by  E.  Nystrom,  1Q04. 
Sc.'ile  Wl  flit  lo  1  inch.  Summary  report  190S.  (See  Map  No. 
249.; 

tl3.  Magnetomctric  survey  of  the  Belmont  iron  mines,  Belmont  township, 
r<tirborough  county,  OmmIo — by  B.  F.  Hauncl,  W)5.  Scale 
60  (tct  to  1  inch.     Summai-y  report,  1905.     (See  Map  No.  186.) 

tl4.  MagnctonH'tric  survey  of  the  Wilbur  mine,  Lavant  town.ship,  Lanark 
county,  Ontario — by  U.  F.  Haanel,  1905.  Scale  60  feet  to  1  inch. 
Sunmuiry  report,   1905. 

t33.  Magnetomttric  survey,  vertical  intensity:  lot  1,  concession  VI,  Mayo 
township.  Hastings  county,  Ontario— bv  Howells  Frechette,  1909. 
Scale  60  feet  to  1  inch.     (See  Maps  Nos.  101  and  )91a.) 

t34.  Magnetomctric  survey,  vertical  intensity:  lots  2  and  3,  concession 
V'l,  Mavo  township,  Hastings  countv,  Ontario — bv  Howells 
Frechette,  1909.  Scale  00  feet  to  1  inch.  (See  Maps  Nos.  191 
and  191a.) 

t35.  Magnetometric  survey,  vertical  intensity:  lots  10,  11,  and  12,  con- 
cession IX,  and  lots  11  and  12,  concession  VIII,  Mayo  township, 
Hastings  county,  Ontario — bv  Howells  Frechetir,  1909.  Scale 
60  '  ct  to  1  inch.     (See  Maps  Nos.  191  and  191a.) 

Survey  of  Mer  Blcuc  peat  bog,  Gloucester  township,  Carleton  county, 
and  Cumberland  township,  Rus.sell  county,  Ontario — by  Erik 
Nystrom,  and  A.  v.  Anrep.     (Accompanying  report  No.  30.) 

•37.  Survey  of  Alfred  peat  bog,  Alfred  and  Caledonia  townships,  Prescott 
county,  Ontario — by  Erik  Nystrom  and  A.  v.  Anrep.  (Accom- 
panying report  No.  30.) 
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•38.  Survey  of  Welland  peat  bog,  Wainfleet  and  Humberstone  townships, 
Welland  coimty,  Ontario — by  Erik  Nystrom  and  A.  v.  Anrep. 
(Accompanying  report  No.  30.) 

•39.  Survey  of  Newington  peat  bog,  Osnabruck,  Roxborough,  and  Cornwall 
townships,  Stormont  county,  Ontario — by  Erik  Nystrom  and  A. 
V.  Anrep.     (Accompanying  report  No.  30.) 

•40.  Survey  of  Perth  peat  bog,  Drummond  township,  Lanark  county, 
Ontario — bv  Erik  Nystrom  and  A.  v.  Anrep.  (Accompanying 
report  No.  30.) 

t41.  Survey  of  Victoria  Road  peat  bog,  Bexley  and  Carden  townships, 
Victoria  county,  Ontario — by  Erik  Nystrom  and  A.  v.  Anrep. 
(Accompanying  report  No.  30.) 

•48.  Magnetometric  survey  of  Iron  Crown  claim  at  Nimpkish  (Klaanch) 
river,  Vancouver  island,  B.C. — by  E.  Lindeman.  Scale  60  feet 
to  1  inch.     (Accompanying  report  No.  47.) 
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2.     Maije  marked  thus  t  have  t>een  printed  independentiy  of  reports,  hencecan 
be  procured  8i'p.irately  by  applit^nts. 


•49. 

•53. 

•54. 
•57. 

too. 

t61. 

t64. 
t65. 
t66. 
t70. 

t72. 
t73. 
t74. 
t7S. 
t76. 
t77. 
t78. 

t94. 
t95. 
t96. 
t97. 


Magnetoiiiflric  survty  (.f  \Vtp;trn  Siet'l  Iron  iLiiin,  at  Sebirt, 
\aiu(.iivvi  Uland,  HC-   Hy  F   l.ii.iliiuan.     Salt- 6(1  f«.-t  t.i  1  mk  h. 

UXiiuiiipaiiN  iiij;  rtp<.rt   Nn.  17i. 

Iron  ore  occurrences,  Ottaw.i  .ind  roniia.-  r..i;iiiu  .,  Qui  Ikm-,  I'Hl,^  — by 
J.  White  and  Fritz  firkcl.      (.■\iconipai:\  inn  rcpv.it   .So.  ii.) 

Iron  ore  occrurcncts,  Argcntiiiil  roimf. .  Qinl«(,  l'>(),S— bv  Fritz 
Cirlitl.     (Accompanying  rcj^ort  .No.  2S.i     lOut  of  print.)' 

The  pro(hRtivc  chrome  iron  or(  liisirici  of  Qui-bec—liy  Fritz  ("irkel. 
(AccompanyinR  rc^)ort  No.  2''.) 

Magnutomctric  survey  of  ilie  Hristo!  mine,  i'ontiac  connlv,  Quebec— 
by  h.  LindciiKin.  Scale  2<K)  fe.t  to  1  inch.  i.V'rompanyine 
report    No.   67.)  " 

Topographical  map  of  Bri>tal  mine,  I'ontiac  roimt\,  Quel)ec— i)y  E. 
Lmdciran.     Scale   200   feet    to    1    inch.     (A.  coni|wiiying   report 

'ndex  map  of  Nova  Scotia:  Cypsum-  liy  \V.  I  .  J.imison.     ';  (Accom- 

,,,.,„  I  I  .mying 

Index  map  of  New  Brun.swick:  Clvpsum- -pv  \V.  F.  Jcnni-'  rp|iort 

son.  f,^,,  jj4  ) 

Map  of  Magdalen  islamls:  Gypsum— by  \V.  F.  j'cnnison.     | 

Magiietometric  survey  of  Northeast  Arm  iron  r.mge,  Lake  Timagami, 
Nipissing  district,  Ontario— by  K.  I.indeman.  Scale  200  feel  to  1 
inch.     (Accompanying  report    No.  6.?.) 


(.\cconi- 

p.myinK 

report 

No.  71.) 


(Out  of 
print.) 


Brunner  peat  t)og,  Ontario— by  A.  v.  .^nrep. 

Komako  peat  bog,  Ontario — by  A.  v.  Anrcp. 

Brockville  peat  bog,  Ontario— by  A.  v.  Anrcp 

Rondeau  peat  bog,  Ontario— by  A.  v.  .^nrep. 

Alfred  peat  bog,  Ontario— by  A.  v.  Anrep. 

Alfred  peat  bog,  Ontario:  main  ditch  profile — l)y  A.  v.  Anrep. 

Map  of  asbestos  region.  Province  of  Qucl>ec,  l')10~by  Fritz  Cirkel. 
Scale  1  mile  to  1  inch.     (Accompan>inK  reiKirt  No.  69.) 

Map  showing  Cobalt,  C.owganda,  ShininRtree,  and  Porcupine  districts 
— by  L.  H.  Cole.      (Accompanying  Summary  report,  1910  ) 

General  map  of  Canada,  showing  coal  fields.     (Accompanying  roport 
No.  83— by  Dr.  J.  B.  Porter.)  .      /    b      »~ 

General  map  of  coal  fields  of  Nova  S<i>!ia  and  New  Brunswick.    (Ac- 
companying report  No.  8.'— By  Dr.  [.  B.  Porter.) 

General    map   .showing    toal    fields   in    .Mb'-rta,    Saskatchewan,    and 
Manitoba.     (Acromp:inying  n-imn  No.  8,^— !>v  r)r.  J.  B.  Porter). 

Note.— I.     Maps  marked  thui  •  arc  to  be  found  only  in  reporu. 

2.     Map(  marked  thus  t  have  been  print^indci>endenUyof  report*,  hcnc^  can 
be  procured  >eparatdy  by  ai.plicant«. 


t98. 

t99. 

tl06. 


town- 
40U  feet 


Gt  ncral  niap  of  coal  fields  in  British  folunibia.     Accompanying  report 
No.  83 — by  Dr.  J.  B.  I'nncr.) 

Ceneral  map  of  c(»l  fiel.l  in  Yul«)n  Territory.     (Accompanyinij  reix  n 
No.  83— by  Dr.  J.  B.  Porter.) 

Gcol^ical  map  of  Austin  Brook  iron  bearing  district,  Bathurst 
ship,  Gloucester  county,  iN.B.— by  E.  Lindenian.  Scale  4( 
to  1  inch.     (Accom|)anying  report   No.   105.) 

tl07.  Magnetonu-tric  survey,  vertical  intensity:  Austin  Brook  iron  bearine 
district— by  L.  l.imleman.  Scale  400  feet  to  I  inch.  (.Accom- 
I»nying  report  No.   105.) 

tl08.  Index  map  showing  iron  bearing  area  rt  Austin  Brook— by  E.  Linde- 
man.     (Accompanying  report  No.  105.) 

•112.  Sketch  plan  showing  geology  of  Point  Mamainso,  Ont.— by  Prolessor 
A.  t .  I  ane.  Scale  4,000  feet  to  1  inch.  (Accompanying  report 
No.  111.)  •      .-    B      K 


tll3.     Holland  peat  bog  Ontario 
No.   151.) 


-by  A.  V.  Arrep.     (Accompanying  report 


*119-1.'.:.  Mi>.a:  township  maps,  Ontario  and  Quebec— by  Hugh  S.  de 
Schmid.     (Accompanying  report  No.  118.) 

tl38.  Mica:  showing  location  of  principal  mines  and  occurrences  in  the 
Quebec  nnca  area— by  Hugh  S.  de  Schmid.  Scale  3-95  miles  to 
1  inch.     (Accompanying  report  No.  118.) 

,139.  Mica:  showing  location  of  principal  mines  and  occurrences  in  the 
Ontano  mica  area— by  Hugh  S.  de  Schmid.  Scale  3-95  miles  to 
1  inch.     (Accomiianying  report  No.  118.) 

tI40.  Mica:  showing  distribution  of  the  principal  mica  occurrences  in  the 
Dominion  of  Canada— by  Hugh  S.  de  Scnmid.  Scale  3-95  miles 
to  1  inch.     (Accompanyii .;  report  No.  118.) 

tl41.  Torbrook  iron  bearing  district,  Annapolis  county,  N.S.— by  HowelU 
Frechette.  Scale  400  feet  to  1  inch.  (Accompanving  report 
No.    lU)).  r      .      B        j~ 

tllf'.  Distribution  of  iron  ore  san'!s  of  the  iron  ore  deposits  on  the  north 
shore  of  the  River  and  Gulf  of  St.  Lawrence,  Canada— by  Geo.  C 
..ackerzie.     Scale  100  n.iles  to  1  inch.     ^Accompanying  report 

tl47.  Magnetic  iron  s,.nd  deposits  in  relation  lo  Natashkwan  harbour  and 
Great  Nataslikwan  river.  Que.  (Index  Map)— by  Ceo.  C.  .Mac- 
j'enzie.     Scale  40  chains  to  1  inch.     (.Accompanying  report   No. 

tI4S.     Nalashkwan  magnetic  iron  sand  deposits,  Saguenay  county.  Que 

by  (;eo.   C.   Mackenzie.     Scale   1,(X)0  feet   to   1  inch.     '(.Accom- 
panying repori   ,\o.  145.) 

Note. — 1.     Maps  market!  thus  •  are  to  be  found  only  in  reports. 

2.     Maps  marked  tliu3  t  have  been  printed  independenUy  of  reporta,  hence  can 
be  proi  aic.i  separately  by  applicants. 


f  ^te.^:;^J 


tlS2. 

tl53. 

tl57. 
tIS8. 
tl59. 
tl60. 
tl61. 
tI62. 
tl63. 
t:64. 
•165. 
tl66. 

tl68. 

tl7I. 

tl72. 
tl73. 
tl74. 

tl75. 

tl76. 
tl77. 
tl78. 
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Map  showing  tlie  lix-ation  ..f  |)^,it  Imi^s  inveslieitcl  in 
Ontario — by  A.  v.  Aiircji. 

Map  showing  ilic   I.K.iliun  ol  jnat  \«%  a-  invest iiiatcd  in 
Manitoba— by  A.  v.  Anrup. 

Lac  (lu  Bonnet  peat  bog,  Maniiolu— by  A.  v.  Anrep. 

Transmission  peat  bog,  Manitoba-by  A.  v.  Anr.p. 

Corduroy  peat  bog,  Manitoba— by  A.  v.  Anrep 

Boggy  Creek  peat  liog.  Maniloba— by  A.  v.  Anrep. 

Kicc  Lake  peat  hog,  Manitoba— by  A.  v.  Anrep. 

Mud  Lake  jicat  bog,  Manitol)a— by  A.  v.  Anrep.  I 

Litter  peat  tog,  N!anilol)a— by  A.  v.  Anrep. 

Julius  peat  litter  bog,  Maniloba— by  A.  v.  Anrep.  I 

Fort  Francis  peat  bog,  Ontario— by  A.  v.  Anrep.  ,' 

Magnetometric  map  of  No.  3  mine,  lot  7,  concessions  \'  .ind  \'I 
McKim  township,  Sudbury  <listrict,  Ont.— I;v  K.  Lindoman' 
(Accompanying  Summary  report,  1911.) 

Map  showing  pyrites  mines  .->nd  prospects  in  Kastern  ("anatia,  and 
their  relation  to  the  Initcd  States  market- bv  A.  W.  ( ..  Wilson 
■^cale  125  miles  to  1  inch.     (.Xcconipanyinp  report  .\o.  Ui7.) 

Geological  tiiap  o'  Sudbury  nickel  region,  Ont.— by  Prof.  .A.  P.  C,.!.- 
man.     Scale  1  mine  to  1  inch.     (.Accompanying  re|>ort  No.  170.) 

Geological  map  of  \ictoria  mine— by  Prof.  A.  P.  Coleman.)    (Accom- 

„  ,,  1    twining 

(  rean  Ihll  mine— by  Prof.  A.  P.  Coleman  >     report 

"  Creij;hton  mine— by  I'rof.  A.  P.  C.loman.j      170.) 

showing  contact  of  noriie  an<l  F.aiireiitian  in  \:,inity 
of   trei«hio-     miae— by    Pr<,l.    A.    P.   Coleman. 
(.Accompanying  report   .No.   170.) 

■  Copper  Cliff  offset— by  Prof.  A.  P.  Clenian.     (Ac 

companying  report    No.    170.) 

"  No.   ,?   mine— by    Prof.   A.    P.   Col'-man.     (Accom- 

pi'.nying  report   \n.   170.) 

showing  vicinity  of  Stcbie  .Tiid  No.  ,?  mines — by 
Prof.  A.  P.  Coleman.  (.Accompanying  report 
No.  170.) 

^'ote. —  1.     Maps  marke.1  thi;<  ♦  ar"  !o  be  found  orly  in  report?. 

2.     >faps  marked  thm  i  have  Ix^rn  printed  independently  ol  reportf,  henct  can 
be  procured  •er'aratfly  by  applicants. 


tl8S.  Maunetoniftric  survey,  vertical  inlennity:  Blairtoii  iron  mine,  Bel- 
mont tdwiiship,  IVterliorouKh  <  mty,  Oniaiio— by  K.  I.iiiiliiM.iii, 
1911.     Scale  200  feet  to  1  inii,    CAcconiijaii>ing  rf(Hirt  No.  1S4.> 

tlS5a.  GeoloKical  map,  Klairtun  iron  mine,  Belmont  township,  I'etcrborouRh 
couiiiy,  Omario— by  K.  I.indeman,  1911.  Scale  200  feet  lo  1  inch. 
VAccompanyinK   re|K)rt   No.    184.; 


tl86. 

tl.S6a. 

tl87. 

tl87a. 

fl88. 

flSSa. 

tl89. 

tl90. 

tl90a. 

tl91. 

tl9Ia. 


Magnetometric  turvey,  Belmont  iron  mine,  Belmont  township,  I'ctcr- 
Uirough  county,  Ontario— by  E.  l.indenian,  1911.  Scale  200  feet 
to  1  inch.     (Accompanying  report  No.  1H4.) 

Geological  map,  Belmont  iron  mine,  Belmont  township,  Peterborough 
ctjunty,  Oniarii.-— by  E.  Lindeman,  1911.  Scale  20(J  fett  to  1  inch. 
(Accompanying  report  No.  184.) 

Magnetometric  survey,  vertical  intensity:  St.  Charles  mine,  Tudor 
township,  Hastings  county,  Ontario— by  E.  I.indeman,  1911. 
Scale  2(Xi  feet  .o  1  inch.     (Acrom[)anyi.ig  report  No.  184.) 

Geological  map,  St.  Charles  mine,  Tudor  township,  .fastings  county, 
Ontario— by  E.  Lindeman,  1911.  Scale  200  feet  to  1  inch.  (A  • 
conipanying  rfi)ort  No.  184.     ) 

Magnetometric  survey,  vertical  intensity:  Baker  mine,  Tudor  town- 
ship, Hastings  county,  (J.ilario— by  E.  Lindeman,  1911.  Scale 
200  feet  to  1  inch.     (Accompanying  report  No.  184.) 

Cleological  map,  Baker  mine,  Tudor  township,  Hastings  county, 
Ontario— by  E.  Linileman,  1911.  Scale  200  feet  to  1  inch.  (Ac- 
companying report  No.  184.) 

Magnetometric  survey,  vertical  intensity:  Ridge  iron  ore  dep<jsits, 
Wollaston  township,  Hastings  county,  Ontario— by  E.  Lindeman, 
i<m      Scale  200  feet  to  1  inch.     (Accompanying  report  No.  184.) 


1911. 


Magnetometric  survey,  vertical  intensity:  Coehill  and  Jenkins  mines, 
Wollaston  township,  Hastings  county,  Ontario — by  E.  Lindeman, 
1911.     Scale  200  feet  to  1  inch.     (Accompanying  report  No.  184.) 

C}eological  map,  Coehill  and  Jenkins  mines,  Wollaston  township, 
Hastmgs  county,  Ontario — by  E.  Lindeman,  1911.  Scale  200 
feet  to  1  inch.     (Accompanyim;  report  No.  184.) 

Magnetometric  survey,  vertical  intensity:  Bessemer  iron  ore  deposits, 
Mayo  township,  Hastings  county,  Ontario — by  E.  Lindeman, 
1911.     Scale  200  feet  to  1  inch.     (Accompanying  report  No.  184.) 

Geological  map,  Bessemer  iron  ore  deposits.  Mayo  township,  Ha,stings 
county,  Ontario— by  E.  Lindeman,  1911.  Scale  200  feet  to  1  inch. 
(Accompanying  report  No.  184.) 

tl92.  Magnetometric  survey,  ver  ical  intensity:  Rankin.  Childs,  and 
Stevens  mines.  Mayo  township,  Hastings  county,  Ontario — by  E. 
Lindeman,  1911.  Scale  200  feet  to  1  inch.  (Accompanying 
report   No.   194.) 

Maps  mar1;-d  tht'«  •  ire  to  be  found  rnly  in  report*. 

Maps  marki'l  thus  t  have  been  printed  independently  of  reports,  hence  can 
be  procured  separatdy  by  applicant*. 


Note.- 


^-M 


W>2a.  GeoloRtcal  map,  Rankin,  Chilils,  and  St,'\.ns  triri'«,  .\1,.\,.  lownship, 
M.l^linKS  K.uiitN,  Uni.irKi— l.y  I'..  I  imlin,.in,  I'Ml  ^..ilr  M) 
li-i  t  Id  I  inili.      i.\iunu;),iM>iiiii  rr|-  ri    So.   1>1 

tl'>J.  Magnituniitric  surv-y  vcriical  intrn»it>  :  Krnpniy  proprty,  Carlow 
i«wii>liip,  lla^tinits  niimty,  OnMiio  -l.v  I'.'  1  iid'-rn  in,  I'M  I . 
Scale  Joo  (cii  to  '  indi.      (Ai  conij.,in>ii.,  rcpul  No.  l>.{ 

tl93a.  GeoloKiial  map,  Kcnnii'y  pr..(«Tiy,  ChIuw  town*lii[.,  lla^iniKs 
coiimy,  ()nl.iri.>--h\  I-.,  l.inilnr.m,  T'll.  Sali- Joii  (,•,(  i,,  j  ;,„  |,. 
(Acconip.in>ini;  rc[Kirt  No.  1S4  ) 

tl94.  Magnftonirtrii-  survey,  virtiral  intiii^it\  .  H..w  I  ,,k.  iron  ort-  (ntur- 
rcna-H,  Kanulay  townsliip,  llastin^smuniv ,  Oni.irio  l.y  L.  lanile- 
man,  1'>U.  S<alu  2(10  iifi  lu  1  iiuli.  i.UcuiniKin\inx  re[K>rt  No. 
184.1 

1204.      Inilfx  niap,  nia^'nctil?  (Kcurrcmc-s  alonjj  the  (":-ntr.il  ( >ntaiio  rdilw,jy 

Iiy  E.  l.iniUiii.in,  10|1.     (.Vcoiiiiun>  inn  up.  rt   N,,    1,S4.; 

t20S.  Magnctoiiii'frir  map,  Mi«>m'  Mnuniain  inmlMjrin^;  dlstriit,  Sudlmry 
<listrict,  vint.irio;  Di'|>.,si|s  N.i>i.  1,  i,  ^,  4,  5,  h,  and  "^Ijy  L. 
l.indenian,    l-'ll.      (.Accuinp.inyinK   rriiort    .No.   M>S.) 

t20Sa.  Geolofiiral  map,  Moose  M mntain  iron-Uari.iK  disirirt,  Sndlniry 
district,  Ontario,  L)rpo>its  .Nus.  I,  2,  ,?,  4,  .S,  6,  .aid  7 — by  E.  I.inde- 
man.     (Accompanying   report    No.   .<(U.) 

t206.  MaRneioniotric  survev'  of  Moos*  .Mount.iin  iriin-U-.irin);  di>iri<t, 
Sudl)ury  dij-trict,  Ontario:  northern  p.irl  of  de|Hisii  No.  2  hy  E. 
Lindeman,  1912.  Stale  200  leet  to  1  inch.  (Arcotn|)aiiying 
report   No.  303.) 

t207.  Magnclometric  .survey  of  Moose  Mountain  iron-Uarinn  district,  Sud- 
bury distrii  f,  Ontario:  Deposits  Nos.  S,  9,  and  ')\ — by  K.  I.inde 
man,  1''12.  Scale  200  feet  to  I  inih.  (.^ccump,invinu  rcrK)rt 
No.   303.) 

t208.  Magnetometric  survey  r>f  Moose  Mountain  iron-lKMritiK  district, 
Sudbury  district,  Ontario:  Deposit  No.  10 — by  K.  lindeman, 
1912.     Scale  200  feet  to  1  inch,      (.\ccompanying  report  .No.  303. J 

t208a.  Magnetometric  survey.  Moose  Mountain  iron-fiearing  district,  Sud- 
bury district,  Ontario:  eastern  p<irtion  of  Dep<jsii  No.  11 — by  K. 
Lindeman,  1912.  Scale  200  feet  io  1  inch.  {.Vcoinpanying 
rcp<jrt  No.  303.) 

t208b.  Magnetometric  survey.  Moose  Mountain  l.-on-U-aring  district,  Sud- 
bury district,  Ontario:  western  fxjrtion  of  deposit  No.  II — liy  E. 
Lindeman,  1912.  Scale  200  feet  to  1  inch.  (Acconipanyine  reixjrt 
No.    303.)  i~  ^     f.     t 

t208c.  General  geologic^^!  map.  Moose  Mountain  iron-bearing  dij^trict, 
Sudbury  district,  Ontario — by  E,  Lindeman,  1912.  Scale  K(K) 
feet  to  1  inch.      (Acconiiunying  rep<irt  N  >.  303.! 

Note. — 1.     MaiM  marked  thus  •  are  to  be  found  only  in  rettona. 

2.     Mapd  marked  thus  t  have  beer  printed  indepemjentJy  of  reporte.  hence  can 
t>e  procured  s-parately  by  applicants. 
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l..cation  o(  rop,»r  smrlters  in  Canada— by  A  W.  G.  Wilson.  Scale 
1  '/J  nnlen  lo  1  inch.     (Arcompanying  report  No.  2W.) 

Province  of  All>rrta:  showing  pro,)ertics  from  which  wmplM  of  coal 
wrre  taken  U.r  gan  pro<luccr  te.ts,  Fuel  letting  Division.  Ottawa. 
(Accompanying  Summary  report,  1912.) 

Mining  dintricts,  Yukon.  Scale  iS  miles  to  1  inch— by  T.  A.  Mad  can 
(Accomiwnying  report  No.  222.) 

Uaw!«n  mining  distrirt,  Yukon,  Scale  2  mil-s  to  1  inch— by  T  A 
MacLr.in.     (Accompanying   report   No.   22J) 

Index  map  of  the  Sydney  c.xil  field..  Cape  Breton,  N.S.  (Accom- 
panying  report  No.  227.) 

''^""r"irrL"^So"r''''     ^"''^  '""  "'""  '°  '  '"''''•     (Accompanying 

Index  map  of  Canada  showing  gypsum  occurrences.  (.Accompanying 
report   iSo.  245.)  »-    /     ■ 

Map  showing  I-ower  Carboniferous  formation  in  which  gypsum 
occurs  in  the  .Maritime  pmvinces.  Scale  1(H)  miles  to  1  inch 
(Accompanying  report  No.  245.1 

t241.     Map  showing  relation  of  (opsum  d<posits  in  Northern  Ontario  to  rail- 
No^  24")  '""  '""*"'  '"  '   '""''■     (A'^"'"r»">'n8  report 

Map,  Grand  River  gypsum  derxjsits,  Ontario.  Scale  4  miles  to  1  inch. 
(Accompanying  report   No.   245.) 

'''^"no'  ^^|"'<"ba  Gypsum  Co.'s  properties.     (Accompanying  report 

Map  showing  relation  of  gvpsum  deposits  in  Brinsh  Columbia  to 
railway  lines  and  market.  Scale  35  miles  to  t  inch.  (.Accomoanv- 
ing  report   No.   245.)  ' 

Magnetometric  survey.  Caldwell  and  Campbell  mines,  Calabogie 
'iiiV!"'  '^'^"'.'■••*'  county.  Ontario— bv  E.  I.indeman,  1911.  Scale 
200  leet  to  1  inch.     (.Accompanying  report  No.  254.) 

MaRnetomctric  siiri'ey,  Black  Bay  or  Williams  mine.  Calabogie  .listrict 
Kcnfrow  county,  Ontario— by  E.  Lindeman,  191 1.  Scale  200  feet 
to  1  inch.     (.Accompanying  report  No.  254.) 

Magnetometric  survey.  Bluff  Point  iron  mine,  Calabocie  district 
Renfrew  county,  Ontario— bv  E.  Lindeman,  1911.  Scale  200  feet 
to  1  inch.     (Accompanying  report  No.  254.) 

Magnetometric  survey,  Culhane  mine,  Calabogie  district,  Renfrew 
county,  Ontario— by  E.  I.indeman,  191 1.  Scale  200  feet  to  1  inch. 
(.'Xccompanying  report  No.  2.S4.) 

Note  — <•     Marw  ma-^kcd  tliii<i  •  art  to  ht  found  only  in  reporti. 

2.     Maps  marked  thii.  t  havt  b«n  printrt  indrpendenUy  of  reports,  lienct  can 
be  procured  separatcJy  by  apnlican's.  ■•■rnv.t  uin 


t242. 

t243. 
t244. 

t249. 

t250. 

t251. 

t252. 


■j^^r:?^ 


t253.     M.iKncioiiHtrK  surMy,  Muni  ..r  \MI»..n  inn  i  ,in«-,  t'.iUl«)Kif  .li.iru  i 
K<"n(r.-Vk  Kiuriiy,  Oniari..     I,y  I..  I.m.lttn.in,  I'^ll.     S.\ilt  Hni  l,-,-i' 
to  1  imli.      (Air<>tii(Mii\iiij{  rcpijrt   No    J5t  ) 

t20l,  Mdgnctomctrif  i.ut\v\,  N..tilir;i-ii  Arm  iron  r.ifiKr,  M  ii'i  I.  lAV. 
l.alvf    liiiMKami.    NipissiiiK   <li»iriil.   Ontario-   by    K.    ^\^ll,.lll. 

t26*l.  Mapof  peat  iM.gsinvM'ir  Til  in  Quebec— l.y  A  a  .  Ami|i,  I'nj. 

t269.  La  KC  T«'ii  I'i<'l(l  |HMt  Ixn;,  Quebec  • 

t270.  Small  Tea  Kielil  (y. It  b<in.  QiielH-t  •  • 

ti'l.  l.anoraic  (Hat  biij;.  QiiiU't  •  • 

t272.  St.  llyacinthe  [leat  Imps,  (^lucbct  •  • 

t273.  Riviere  du  I.oup  peat  lx)({  • 

t274.  Caruuna  peat  bog  «  « 

t275.  I.e  I'arc  peat  bog,  QurUe  '  " 

t270.  St.  Denis  peat  bog,  Queliec  •  " 

t2/"^.  Riviere  Ouellc  fxat  l-og,  Quebec  •  " 

t278.  Moose  Mountain  ()eat  bog.  Quebec  "  " 

t284.  Map  of  northern  port  on  of  Allxiia,  shouinj;  jvosiiion  of  oufirops  of 
bituminous  sand.  Stale  12J  miles  to  1  inch.  (Actomuin\in(f 
report    No.  281.) 

t293.  Map  of  Dominion  f>f  Canada,  showing  the  occurrences  of  oil,  sjas,  and 
tar  sands.  Scale  197  miles  to  I  inch.  (Accom|)anyint[  refKjrt 
No.   291.) 

t294.  Reconnaissance  map  of  p.irt  of  Allwrt  and  Westmorland  counties 
New  Brunswick.  Scale  1  mile  to  1  inch.  (Accomi>anyinK  report 
No.  291.) 

t29S.  Sketch  plan  of  fiaspe  oil  fields,  Quel«>c,  showing  Iwation  of  wells. 
Scale  2  miles  to  1  inch.     (Accompanying  re[«)rt   No.  291.) 

t296.  Map  showing  gas  and  oil  fields  and  pipe-lines  in  southwestern  Ontario. 
Scale  4  miles  to  1  inch.     (Accomi^anying  rc;K)rt  No.  2')\.) 

t297.  Geological  map  of  Alberta,  Saskatchewan,  and  .\!anitoba.  Scale  35 
miles  to  1  inch.     (Accompanying  rcfxjrt  No.  291.) 

t298.  Map,  geology  of  the  forty-ninth  parallel,  0-9864  miles  to  1  inch. 
(Accompanying  rejKirt  .No.  291.) 

t302.  Map  showing  location  of  main  gas  line,  liow  Island,  (  dgary.  Scale 
12J  miles  to  1  inch.     i.Accomixinying  report  No.  291  l 

Note. — I.     Map?  niarkMl  thui  •  ate  to  be  found  nniy  in  rrport«. 

2.     Maps  marked  thus  t  have  been  printrtl  indept'ndentiy  of  rejorts.  hwice  can 
be  procured  Kparatcly  by  applicanti. 


till.  Magnrtomftric  map.  McPher«,n  miw.  Barachoi..  Cp,  Breton 
county.  Nov.  Scotiw-by  A.  H.  A.  K.,bin«,n.  IVIJ  Scale  200 
1*^1  to  I   Inch. 

t3l2.  Magnetometric  map.  iron  ore  depoiiti  at  l'pp*r  (ilencoe.  InvprncM 
county.  Nova  Scot.a-by  E.  Lindeman.  \lu.    Scale  200  f«tT, 

tJJ3.  Magnetometric  map.  iron  ore  (tepoiitu  at  Gran.l  Mira.  Cane  Flrrton 
.ounty.  Nova  ^otia-by  A.  M.  A.  Kobin.m,  I'MJ.  Scale  200 
icet   to    1   inch. 


Addreii  all  communvatumt 


to— 


DuRCTOR  MiNK<  Branch, 
Department  or  Minks. 

StssEX    Stikbt,    Ottawa. 
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